The Development and Application of Sustainable Development Indicators. by Cunningham, Bryony.
The development and application of sustainable 
development indicators
by
Bryony Cunningham
Submitted for the degree of Engineering Doctorate
Volume II 
Centre for Environmental Strategy 
University of Surrey
December 2004
© Bryony Cunningham 2004
ProQuest Number: 27558174
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 27558174
Published by ProQuest LLO (2019). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346
Contents
Page
number
Chapter One: Setting the scene for the case studies (Literature reviews) 1
1.1 Introduction 2
1.2 Introduction to social indicators 4
1.2.1 Social capital 4
1.2.2 Social capital, sustainability and industry 5
1.2.3 Background to social indicators 6
1.2.4 Stakeholder consultation 11
1.3 Life cycle assessment (LCA) 12
1.3.1 The methodology of life cycle assessment (LCA) 12
1.3.1.1 Goal definition and scoping 13
1.3.1.2 Inventory analysis 14
1.3.1.3 Impact assessment 15
1.3.1.4 Improvement assessment 15
1.3.2 The use of life ycle assessment (LCA) software programmes 16
1.3.2.1 Advantages and disadvantages to the software 17
1.3.3 U fe ycle assessment (LCA) and decision-making 17
1.3.4 U fe ycle assessment (LCA) and industy 19
1.3.4.1 Unilever 20
1.3.4.2 ICI 20
1.3.4.3 Tioxide Group limited 21
1.3.4.4 Shell Grotp 22
1.3.4.5 Hewlett-Packard 22
1.3.5 U fe ycle assessment (LCA) and the economy 23
1.3.5.1 The integration of sustainable development decision-making within economics 24
1.3.5.2 The integration of economics within life cycle assessment (LCA) 24
1.3.6 U fe ycle assessment (LCA) and society 26
1.3.7 U fe ycle assessment (LCA) and the environment 30
1.3.8 The problems associated with life ycle assessment (LCA) 31
1.3.9 How the problems associated with life ycle assessment (LCA) can be improved 32
1.3.10 Conclusion 33
Chapter Two: Sakhalin LNG plant — a process case study 35
2.1 Summary 36
2.2 Background to Sakhalin 39
2.2.1 The geography of Sakhalin 39
2.2.2 Indigenous communities 39
2.2.5 The history of Sakhalin 40
2.2.4 The economy of Sakhalin 41
2.2.5 Employment within Sakhalin 41
2.2.6 The infrastructure of Sakhalin 42
2.3 Literature review o f similar projects 44
2.3.1 Expectation of local community 45
2.3.2 Traditional labour 46
2.3.3 Skills base 49
2.3.4 Training issues 50
2.3.4.1 Training by contractors 50
2.3.4.2 Training by the company 51
2.3.4.3 On the job training 51
2.3.5 Working practices 52
2.3.6 Migration 52
2.3.7 Interaction with surrounding communities and industries 54
2.4 Issues for consideration associated with Sakhalin 57
2.4.1 Eow level ofpublic activism and awareness of legal rights 57
2.4.2 Impact on natural resources 58
2.4.3 Traditional industries 58
2.4.4 Eand management 58
2.4.5 Operational difficulties of the project to date 58
2.4.6 Summary of considerationsfor Sakhalin indicators 60
2.5 Overview of recommendations from work on Sakhalin 62
2.5.1 The labour situation on Sakhalin 65
2.5.2 Economic impact 69
2.5.3 Conclusion 71
Chapter Three: Rapeseed methyl ester (RME) biodiesel -  a product case study 73
3.1 Summary 74
3.1.1 Social impact assessment fSIAJ 74
3.1.2 Stakeholder identification 7 5
3.2 Literature review on social impacts o f rapeseed methyl ester (RME) as a biofuel 77
3 .2 .1 1ntroduction 77
3.2.2 Background 77
3.2.3 History of RM E production 79
3.2.4 Studies to date 81
3.2.5 Social impact assessment (SIA) 82
3.2.5.1 Demographic impacts 83
3.2.5.2 Socio-economic impacts 83
3.2.5.3 Health impacts 84
3.2.5.4 Impacts on social infrastructure 84
3.2.5.5 Impacts on natural resources 84
3.2.5.6 Impacts on lifestyle 86
3.2.5.7 Impacts on cultural property 86
3.2.5.8 Social equity of impacts 87
3.2.6 Conclusion 87
3.3 Stakeholder work on RME biodiesel 89
3.3.1 Stakeholder identification 89
3.3.2 Stakeholder map 89
3.3.2.1 Research 90
3.3.2.2 Interest I pressure groups 91
3.3.2.3 Business associations 92
3.3.2.4 Government agencies 93
3.3.2.5 Internal 93
3.3.2.6 Competitors 94
3.3.2.7 Customer and community 94
3.3.2.8 Supply chain partners 95
3.3.2.9 Other industry groups 96
3.3.2.10 Other stakeholder groups 97
3.3.3 Conclusion 97
3.4 Difficulties with undertaking the work 98
3.4.1 Key blockers 98
3.4.2 Progress 98
3.4.3 Recommendations 98
3.4.4 Conclusion 99
3.5 Preliminary social issues and concerns o f rapeseed methyl ester (RME) as a biofuel 100
3.5.1 Introduction 100
3.5.2 Methodology 101
3.5.3 Stakeholders 101
3.5.4 Positive aspects of biodiesel 103
3.5.4.1 Easy and safe to use 103
3.5.4.2 Flexible 103
3.5.4.3 Enginepe formance 104
3.5.4.4 Cleaner and renewable 104
3.5.4.5 Encourage agriculture ' 105
3.5.4.6 Energy indpendence 105
3.5.4.7 Health 105
3.5.5 Negative aspects of biodiesel 106
3.5.5.1 Economy 106
3.5.5.2 Political 107
3.5.5.3 Emissions 107
3.5.5.4 Distribution 107
3.5.5.5 Biodiversity 107
3.5.5.6 Quality control 107
3.5.5.7 Perception 107
3.5.5.8 Peformance 107
3.5.5.9 Energy requirements 107
3.5.6 Conclusion 108
3.6 Social indicators developed to date 111
Chapter Four: Environmentally-acceptable hydraulic fluid — a product case 113
study
4.1 Summary 114
4.2 Introduction 115
4.3 Sustainability measurement 116
4.4 Sustainability assessment matrix description 117
4.5 Environmentally-acceptable hydraulic fluid 119
iii
4.6 Sustainability assessment o f hydraulic fluids 120
4.7 Environment indicators 123
4.7.1 CO2 emissions 123
4.7.2 Energy use 123
4.7.3 Impact on water 123
4.7.4 Impact on air 124
4.7.5 Biodiversity reduction 124
4.7.6 Toxic content 125
4.7.7 Impact of byproducts 125
4.7.8 Level of non-reyclable materials used 126
4.8 Social indicators 127
4.8.1 Perceived risk 127
4.8.2 Effect on societyk health 127
4.8.3 Product leads to reduced level of jobs 128
4.8.4 Effect on business perception (in event of incident) 128
4.8.5 Needfor ertiployee training 129
4.8.6 Likelihood of employee injury 129
4.8.7 Restrictions on product availability 130
4.9 Economic indicators 131
4.9.1 Cost of labour 131
4.9.2 Likelihood of reduced peformance 131
4.9.3 Cost of material input 132
4.9.4 Effect of stakeholder intervention on business 132
4.9.5 Umited recycling possibility after use 133
4.9.6 Price of product for consumer 134
Chapter Five: Assessm ent o f Swedish portfolio -  a product case study 135
5.1 Food grade lubricants 136
5.1.1 Environmental indicators 136
5.1.2 Social indicators 139
5.1.3 Economic indicators 142
5.2 Metalworking fluids 145
5.1.1 Environmental indicators 145
5.1.2 Social indicators 146
5.1.3 Economic indicators 149
5.3 Industrial lubricant — high viscosity (steam cylinder oil) 152
5.1.1 Environmental indicators 152
5.1.2 Social indicators 154
5.1.3 Economic indicators 155
5.4 Industrial lubricant — low viscosity 158
5.1.1 Environmental indicators 158
5.1.2 Social indicators 161
5.1.3 Economic indicators 162
5.5 Open gear grease 165
5.1.1 Environmental indicators 165
5.1.2 Social indicators 168
5.1.3 Economic indicators , 171
5.6 2-stroke engine oüs 174
5.1.1 Environmental indicators 174
5.1.2 Social indicators 178
5.1.3 Economic indicators 182
iv
5.7 Domestic heating oils 186
5.1.1 Environmental indicators 186
5.1.2 Social indicators 189
5.1.3 Economic indicators 192
5.8 Diesel 195
5.1.1 Environmental indicators 195
5.1.2 Social indicators 199
5.1.3 Economic indicators 205
Chapter Six: Comparison of risk assessm ent matrix (RAM) and sustainability 211
assessm ent -  a product case study
6.1 Summary 212
6.2 Introduction 213
6.3 Risk assessments 214
6.3.1 Hydraulic fluid 214
6.3.2 Food grade lubricants 215
6.3.3 Metalworking fluids 217
6.3.4 High viscosity industrial lubricants 218
6.3.5 Eow viscosity industrial lubricants 219
6.3.6 Industrial grease 220
6.3.7 2-stroke gasoline engine oil 221
6.3.8 Domestic heating oil 224
6.3.9 Dieselfuel 226
6.3.10 Discussion 228
6.3.11 Conclusion 229
REFERENCES 238
Appendices
APPENDIX I 231
APPENDIX II 234
APPENDIX III 237
Figures and tables
Figure 1.1: The Levers Identified by the Exploration and Production (EP) Business to Achieve Value 6
Figure 1.2: Categories for consideration regarding social indicators 10
Figure 1.3: Technicalframework for life cycle assessment (LCA) 13
Figure 1.4: The relationship between the industrial system and the system environment 14
Figure 1.5: Flow chart for life cycle assessment (LCA) 14
Figure 1.6: The scope of product stewardship 22
Figure 1.7: Involvement ofstakeholders at different stages in a decision-making process 27
Figure 1.8: Methodologicalprocedure of sodal and environmental life cycle assessment (SELCA) 29
Figure 1.9: The Balance Between Market Potential and Sustainability For Products 31
Figure 2.1: Map of the Sakhalin region 37
Figure 2.2: A  Web of Indicators Related to Work Issues Regarding Social Impacts 38 & 61
Figure 3.1: Stakeholder map for Rapeseed Methyl Ester (RME) biodiesel 7 6
Figure 3.2: Life cycles of biodiesel and diesel 7 8
Figure 3.3: Farm incomes at 1999 Prices, UK 1973 -1999 79
Figure 3.4 a: Breakdown of farm sir^sfor 12 European Union countries 85
Figure 3.4b: Averagefarm sige (hectares) of 12 European Union countries 85
Figun 3.5: Generic stakeholder map for RME biodieselproduction 90
Figure 3.6: Stakeholder classification matrix for RME biodiesel 102
Figure 4.1: Ufe cycle of mineral-based and synthetic ester hydraulic fluid (includes indication of impacts) 121
Figure 4.2: Sustainability assessment matrix of hydraulicfluids 122
Table 1.1 : Calvert-FIenderson Quality of Ufe Indicators 8
Table 1.2: The A A 1000process model 9
Table 2.1: Number of Jobs Demonstrated By Branches Of Economy 42
Table 2.2: Recommended Mitigation Measures for Short and Long Term Employment Opportunities 48
Table 2.3: Eabour Figures for The Oman LNG Project 49
Table 2.4: Labour Available In Sakhalin For LNG Gonstruction 67
Table 2.5: Profits of four main industries of Sakhalin 7 0
Table 4.1: Findings of the sustainability assessment of environmentally-acceptable hydraulicfluid 114
Table 4.2: Ranking of the sustainability assessment matrix 118
Table 6.1: Got?parison of risk assessment and sustainability matrix results 212
Table 6.2: Tier 1 assessment of Naturelle HF E46 214
Table 6.3: Tier 1 assessment ofTellus 46 214
Table 6.4: Impacts of life cycle ofTellus 46 214
Table 6.5: Ukelihood and severity of eventsfor Tellus 46 215
Table 6.6: Summary of findingsfor Tellus 46 215
Table 6.7: Tier 1 assessment for Cassida chain Oil spray 215
Table 6.8: Impacts of life cycle of Gassida chain Oil spray 216
Table 6.9: Ukelihood and severity of events of Cassida chain Oil spray 216
Table 6.10: Summary of findingsfor Cassida chain Oil spray 216
Table 6.11: Tier 1 assessment of Cassida chain Oil 217
Table 6.12: Tier 1 assessment of Sitala D201.03 217
Table 6.13: Tier 1 assessment of Sitala B402 217
Table 6.14: Impacts of life cycle of Sitala B402 217
Table 6.15: Ukelihood and severity of events of Sitala B402 218
Table 6.16: Summary of findingsfor Sitala B402 218
Table 6.17: Tier 1 assessment ofValvata J460 218
Table 6.18: Tier 1 assessment ofVitrea 460 219
Table 6.19: Tier 1 assessment ofMorlina 5 • 219
Table 6.20: Impacts of life ycle ofMorlina 5  219
Table 6.21: Ukelihood and severity of events ofMorlina 5  219
Table 6.22: Summary of findingsfor Sitala B402 220
Table 6.23: Tier 1 assessment ofVitrea Oil 10 220
Table 6.24: Tier 1 assessment of Malleus GL 500 220
Table 6.25: Tier 1 assessment ofKuggfett 220
Table 6.26: Tier 1 assessment of Nautilus biodegradable outboard oil 221
VI
Table 6.27: Impacts of life cycle of Nautilus biodegradable outboard oil 221
Table 6.28: Ukelihood and severity of events of Nautilus biodegradable outboard oil 221
Table 6.29: Summary of findings for Nautilus outboard oil 222
Table 6.30: Tier 1 Assessment of Shell 2T Two-stroke Oil 222
Table 6.31: Impacts of life cycle of Shell 2T Two-stroke Oil 223
Table 6.32: Ukelihood and severity of events of Shell 2T Two-stroke Oil 223
Table 6.33: Summary of findingsfor Shell 2T Two-stroke Oil 223
Table 6.34: Tier 1 assessment ofEldningsolja 1 224
Table 6.35: Impacts of life cycle ofEldningsolja 1 224
Table 6.36: Ukelihood and severity of events of Eldningsolja 1 224
Table 6.37: Summary of findingsfor Eldningsopa 1 225
Table 6.38: Tier 1 assessment of Industrial Gas Oil 225
Table 6.39: Impacts of life cycle of Industrial Gas Oil 225
Table 6.40: Ukelihood and severity of events of Industrial Gas Oil 226
Table 6.41: Summary of findingsfor Industrial Gas Oil 226
Table 6.42: Tier 1 assessment of Citydiesel 226
Table 6.43: Impacts of life cycle of Gitydiesel 227
Table 6.44: Ukelihood and severity of events of Citydiesel 227
Table 6.45: Summary of findingsfor Gitydiesel 228
Table 6.46: Comparison of risk assessment and sustainability matrix results 229
Table 6.47: Scenarios where the different tools should be used 230
Box 2.1: The indigenous communities of Sakhalin 40
vu
C h a p t e r  One
SETTING THE SCENE FOR THE CASE STUDIES
Volume II -  Setting the scene for the case studies
1.1 Introduction
1 .1  I n t r o d u c t i o n
Following theoretical considerations o f sustainable development (SD), sustainability and appropriate 
indicators it is important to include empirical work to test the theory. It had been identified that 
indicators were missing at the lower, more detailed level of the organisation where roles and 
responsibilities are clear. Therefore, it was important to investigate the process and product side of 
the business. The process is a system o f operations that produce something. It is a series o f 
actions, changes or functions that present an end or result. In terms of the petroleum industry, 
process sites include the major manufacturing sites — the oil refineries. The opportunity arose in 
2000 to become involved with assessment of a new process site based in Sakhalin, a southeastern 
island o f Russia. Construction o f a Liquefied Natural Gas (LNG) plant had been proposed that 
would lead to employment of around 6,000 people. The impact of the changing workforce with 
migration to the area, changes in workforce from construction to operation and cultural effects was 
identified as being a major risk that had to be carefully investigated to allow for future monitoring. 
Involvement with a plant from initiation was a very good opportunity to have input to the decision­
making processes and also learn how the company begins to deal with the social impacts that 
historically have been difficult to understand and measure.
Initially, the work focused on investigating a baseline survey o f labour skills with attention turning 
to understanding the use o f social indicators with a review included in the Section 1.2 (Vol. II). 
Emphasis was placed on discovering the skills required, whether the skills were available amongst 
the people of Sakhalin and what needs to be done to obtain the right skills in the area. Figures had 
demonstrated that there was insufficient labour within the area, and therefore, some degree of 
migration would take place. This led to looking at the associated social issues o f having the project 
within the area. A literature review was conducted on migratory labour and social issues associated 
with the project. Looking through case studies o f the impacts of similar projects and reviewing the 
literature available on the subject was undertaken to achieve this.
Assessment o f process sites do begin well with environmental and social impact assessments 
providing a good introduction to identifying and measuring certain social impacts. SD managers 
and community liaison managers are in place despite the varying amounts o f success o f these 
initiatives. It would have been ideal to follow the work through on the Sakhalin project in more 
detail however, changing structure (due to Shell Sakhalin merging with Marathon Oil on the project) 
it became very difficult to identify and obtain a sufficient level o f interaction with key personnel. 
The Sakhalin entered an intensive period o f work and so testing the indicators became difficult to 
undertake. The indicators were discussed with the Sakhalin managers and key members o f a more 
established process site, Stanlow in the North-West o f England. Results o f the analysis are 
discussed in more detail in Chapter 5 o f Vol. I.
Once work on product assessment had begun it became clear that this was the area where the most 
significant work for the company and wider community could be made. Shell products had very 
limited work on SD assessment. Even the use o f life cycle assessment (LCA) as a measure o f 
environmental impact had not suited the industry because health and safety are such an important 
part o f operation. An overview o f LCA is included in Section 1.3 (Vol. II) to lead into the work on 
the rapeseed methyl ester biodiesel. Emphasis for this case study was again placed on 
understanding the issues associated with the social impacts. A considerable amount o f 
consideration was given to stakeholder involvement and consultation and the difficulties in its 
undertaking by a business.
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Understanding the difficulties associated with assessing the social impacts o f a product led to 
development o f an integrated, standardised tool that could assess the environmental, social and 
economic areas o f a product. The traditional method that Shell has used to test whether products 
were suitable for release to the marketplace is through the use of a Risk Assessment Matrix (RAM) 
(explained in more detail in Volume I). This does not cover the fuU range o f issues associated with 
impacts o f a product. The first case study investigated was a comparison o f environmentally- 
acceptable hydraulic fluid and mineral-based fluid. This work links into the next case study where 
the Swedish portfolio is assessed. It involves developing sustainability indicators and applying the 
sustainability tool — initiated in the previous case study - to a broad range of products. Sweden was 
identified as a country where a sustainability analysis o f the products available would be o f great 
benefit. The political climate with the emphasis on the environment as an overriding concern to 
social issues could prove an interesting addition to the project work (incidentally Esso and BP have 
pulled out o f operations in Sweden because the environmental pressures were too great). It is 
important to obtain an understanding o f what context Swedish regulations wiU have upon supplying 
products. The European community currently views Sweden as the leader of in terms o f 
environmental legislation. Therefore, it is likely that many of the regulations currently in use within 
Sweden wiU lead EC regulation o f the future. This makes it important for Shell to understand and 
meet Sweden’s requirements, as it is possible it wUl be reflected in the direction that European 
legislation may take in the future.
Chapter two of Volume II describes the work on the Sakhalin process case study
Chapter three o f Volume II explains how investigation o f rapeseed methyl ester biodiesel was 
undertaken.
Chapter four of Volume II runs through the environmentally-acceptable hydraulic fluid 
explanation and development o f the sustainability assessment tool.
Chapter five o f Volume II demonstrates the work on the Swedish product portfolio.
Chapter VII o f Volume I has a summary o f these sections with the theoretical work on the 
indicators (Chapters I to III) and details on indicator development (Chapter IV) and 
communication (Chapter VI). The sustainability assessment tool is explained in Chapter VII o f 
Volume I, and the indicators are explained in detail in Chapter V.
The work contained within the case studies included in this Volume contains some confidential 
aspects and so distribution has been limited.
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1.2 Introduction to social indicators
1 . 2  I n t r o d u c t i o n  t o s o c i a l  i n d i c a t o r s
The following literature review was initiated prior to work on the Sakhalin and RME 
biodiesel case studies to understand the issues associated with assessing social impacts 
through indicators. This review was conducted in 2001.
The industrial environment has been undergoing a paradigm shift in recent years towards the 
concept o f “sustainability”. To a certain extent this change has been legislative-driven, in addition 
companies are beginning to recognise the benefits that sustainable development (SD) can offer 
them (competitive advantage, reduced liabilities, enhanced reputation etc.). With this realisation 
comes the acceptance that traditional approach to decision-making processes is no longer sufficient. 
Increased consideration is required o f the short and long term impacts o f an organisation’s 
operations. In addition to which, there must be greater involvement (including constmctive 
feedback) within the decision making process from a company’s stakeholders (internal and external). 
One of the initial steps to achieving this is through the development, implementation and 
monitoring o f suitable sustainability indicators. These should help guide decision-making through 
the information they provide, on the short and long term impacts of the three aspects o f SD, the 
environment, economy and society.
To date, the aspects of SD that have received the least amount o f attention have been those 
associated with society. This focus often requires a considerable amount o f qualitative analysis, 
which presents certain difficulties in interpretation o f information. Consideration of social aspects 
not only relates to events that impact on society or the organisation. It is also necessary to give 
attention to sociological aspects that involve studying the development, organisation, functioning 
and classification o f human societies. This is a complex task, therefore, explanation is required into 
the interactions between society, sustainability and industry to work towards indicators that are of 
benefit. This is begun through a description o f the ideas and beliefs that are within the theory o f 
social capital.
1.2.1 Social capital
The social components of sustainability are no less important than the economic and technical ones. 
A sustainable society as described by Meadows et al  (1992) is one that can persist over generations, 
one that is far-seeing, flexible and wise enough not to undermine either its physical or its social 
systems o f support. Therefore, social considerations require some degree o f incorporation o f 
sociological perspectives. This wiU assist in the explanation o f social factors. In other words 
consideration o f the development, organisation, classification and functioning of human societies is 
needed to provide indicators that are indicative o f human society. This is referred to as social 
capital and provided the introduction to consideration o f the teleological and deontological 
perspectives that are explained in more detail in Chapter I o f Volume I.
Elkington (1999) claims that social capital depends on the acquisition and maintenance of such 
virtues as loyalty, honesty and dependability. These are abstract concepts with the need for 
qualitative, as opposed to quantitative, considerations. Therefore, the issue of measurement and 
analysis is the overriding concern when dealing with indicators o f this nature because measuring 
such qualitative concepts is the most difficult component.
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1.2.2 Social capital, sustainability and industry
Corporations committed to SD put the development o f natural and social capital and equitable 
wealth creation at the centre o f the way they do business. To date, the most interaction an industry 
will have with its stakeholders (or surrounding community) is through the injection o f financial 
gains to an area. With the dawn of stakeholder engagement and participation the inclusion of 
multinational corporations should be made within social capital (Krishna and Shrader, 1999). The 
central benefits are given by Fukuyama (1995) as a lowering of social friction he notes that:
. .ifpeople who have to work together in an enterprise trust one another because they are all operating 
according to a common set of ethical norms, doing business costs less. Such a society will be better able 
to innovate organisationally, since the high degree of trust willpermit a wide variety of social
relationships to emerge”
The use o f social capital by industry is not just restricted to internal relationships. Social capital 
depends upon the degree of trust between individuals within society. In the same way, the degree 
of trust between a corporation or industry and their external stakeholders is likely to be a key factor 
deterrnining their long-term sustainability (Elkington, 1999). Active engagement with the external 
world provides the intelligence required to make decisions that balance these three imperatives in 
ways that generate sustained financial value (Hedstrom et al, 2000). In terms o f industry, increased 
cooperation can lead to higher profits and more equitable distribution o f revenues from joint 
ventures.
An issue identified by Business Impact (2001) is that company performance on social and 
environmental issues is holding greater sway on the decisions o f investor analysts. Therefore, the 
correct understanding and consideration o f social capital is important to any industry. The events 
surrounding the Brent Spar incident involving Shell and Greenpeace highlight this point. This issue 
was covered comprehensively in Volume I, Greenpeace had a good understanding o f the underlying 
concerns and fears o f the public (Lofstedt and Renn, 1998). Shell was perceived as having little 
concern for the impact o f its operations, despite the fact that investigations into the best practicable 
environmental option had taken place. The relationship that Shell had with society was such there 
was a limited degree o f trust towards the multinational corporation. Therefore, communications 
between Shell and society were largely discounted. This situation could have been avoided if Shell 
had conversed with the public from the beginning and if greater use o f external review had occurred 
on the decision-making processes.
Shell has made moves to learn from is mistake regarding Brent Spar and Figure 1 demonstrates how 
Exploration and Production (EP - a Shell business) is working towards engaging effectively with its 
stakeholders to achieve value from its operations.
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EP has developed this framework with the assistance of the ADL consultancy. The intention is to 
develop it further for use throughout the Shell business. The four central levers of leverage on 
costs, hsk reduction, option creation and stakeholder preferences are viewed as crucial to the 
achievement of SD within Shell. The question remains how to measure these levers to ascertain 
that the business is moving in the right direction towards greater economic value, which is viewed as 
the ultimate aim of SD. To measure these levers and assess whether a company is moving towards 
sustainability the development o f indicators takes place. Initial attention has been placed on social 
indicators because it is the most difficult to define, measure and monitor.
1.2.3 Background to social indicators
In the mid-1960s a growing dissatisfaction with the amount and quality of social information 
available to government decision-makers spawned what came to be known as the ‘social indicator 
movement’. Initially this was a reaction against what was perceived as an overemphasis on measures 
of economic performance as indicators o f social well-being (Carley, 1981). . The definition o f a 
social indicator can, therefore, be presented in a number o f ways, including the following:
different unohservahle trait of the phenomena ” Carley, 1981
7%^ jorw/ zz/zz/ /zyfg romz/ Zzv/zz/r zy/6zb6 ^
tnaj hopefidly he guided towards social goals formulated bj socialplanning” UNESCO,
1974
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A simple interpretation would be that social indicators provide a measure by which the impact o f an 
issue on society (or socially defined subsets can be monitored). Three main elements can be 
identified to define social indicators and their purpose:
1. The descriptive function o f the indicators - the description o f states and o f trends in social 
change;
2. Their interconnections - which suggests a systems’ approach;
3. The analytical tools they can be to the social planner - for the “monitoring” o f social change 
(UNESCO, 1974).
The formation o f social indicators not only requires a considerable degree o f qualitative analysis — as 
mentioned previously — it also requires identification o f certain aspects o f social issues that at 
present are not measurable. A demonstration o f this fact is the need for assessment o f ‘quality of 
life’. This is the area that gives sociologists the greatest difficulty in deriving indicators because it 
incorporates intangible issues (Pricker, 1998). Consideration o f quality o f life is where the non- 
material side o f sustainability is accounted for. The morals and beliefs are not absolutes, which 
make them very difficult to define. There are three major philosophical approaches to determining 
the quality o f Ufe as presented by Diener and Suh (1997):
1. Characteristics o f the good life are dictated by normative ideals based on a religious, 
philosophical or other systems;
2. Satisfaction o f preferences;
3. Experience o f individuals — if a person experiences their life as good, then it can be 
assumed to be so.
One attempt to address the measuring o f such an elusive concept is by Henderson et al (2000). 
There are 12 Calvert-Henderson Quality o f Life indicators that have been formulated with the 
intention o f going beyond national statistics (Henderson et al, 2000). This set o f indicators is one o f 
the rare examples where the subject o f quality o f life has been approached. Brief descriptions o f the 
Calvert-Henderson quality o f life indicators are given in Table 1.1.
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Table 1.1: Calvert-Henderson Quality of Ufe Indicators
Education
indicator
Summarises the quantity, quality and distribution of education in the US defined as 
life-long learning and contributes to the broader dialogue on who learns what, where, 
when and how throughout the life cycle.
Employment
indicator
Describes the structure of employment in the US as developed by the government and 
amended by private research efforts and helps clarify the basic questions as to what 
constitutes “employment” and “unemployment” and what it means when figures 
fluctuate over time.
Environment
indicator
Presents detailed information on the health of our environment with a special 
emphasis on the production - consumption process. A research focus on water and 
air quality offers data of primary interest to the general public.
Health
indicator
Initiates a discussion on what constitutes “health” and examines the overall state of 
health of the people in the US by age, race and gender.
Human rights Indicator examines the degree to which the Bill of Rights is protecting US citizens and 
the level of citizen participation in the electoral process.
Income
indicator
Focuses on change sin the standard of living as reflected in monetary measures of 
family income. The indicator examines and explains trends in the level and distribution 
of family income and wealth along with stagnant and unequal wage growth over the 
past 25 years.
Infrastructure
indicator
Explains the importance of the physical infrastructure to our economy and provides an 
example of how to supplement national accounts with an improved asset account to 
monitor physical stock.
National
security
indicator
Explains the process the US takes to achieve a state of national military security 
beginning with the President’s National Security Strategy through the Congressional 
Budget process.
Public safety 
indicator
Examines how effectively society promotes private and public safety when faced with 
complex interrelationships between personal decisions, publications, risks and 
hazards in the environment that result in deaths from injuries.
Re-creation
indicator
Provides a novel approach to identifying the myriad ways that Americans chose to re­
create the self, to be revitalised in body and mind, and to re-establish social contacts 
through leisure and / or recreational activities.
Shelter
indicator
Explores the type of housing Americans have access to, the level of affordability of 
that housing and how housing in turn affects broader social outcomes.
Henderson et al. 2000
The focus o f the indicator set is based on consideration o f US issues. Therefore, the issues that 
have been identified are not necessarily applicable to other “social arenas”. However, it assists in 
demonstrating that work towards the measurement o f quality o f life is occurring. The development 
of social indicators, particularly regarding quality o f life issues should ideally be approached on a 
case-by-case basis. Perhaps a national boundary is too broad and wiU lead to superficial 
consideration. Identification at a project level basis as would be required within industry, would 
surely provide greater insight and use.
An area where the issue o f social indicators has been approached for industry can be found within 
the Accountability 1000 framework (referred to as AAIOOO) (Accountability, 1999). The AAIOOO 
has been developed to improve the accountability and overall performance of organisations by 
increasing quality in social and ethical accounting, auditing and reporting. Recent years have 
wimessed increased pressures on organisations to demonstrate social and ethical performance and 
accountability; AAIOOO is an attempt to do this. An overview o f the AAIOOO process model is 
included in Table 1.2.
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Table 1.2: The A A 1000 Process Model
Planning
(P)rocess 1: Establish commitment and governance procedures
The organisation commits itself to the process of social and ethical accounting, auditing and reporting, 
and to the role of stakeholders within this process. It defines governance procedures to ensure the 
inclusion of stakeholders in the process.
P 2: Identify stakeholders
The organisation identifies its stakeholders and characterises its relationship with each group of them.
P 3: Define / review values
The organisation defines or reviews its current mission and values._____________________________
Accounting
P4: Identify issues
The organisation identifies issues through engagement with its stakeholders regarding its activities and 
social and ethical performance 
P 5: Determine process scope
The organisation determines based on engagement with its stakeholders, the scope of the current 
process in terms of the stakeholders, geographical locations, operating units and issues to be included, 
and identifies how it plans to account for the excluded stakeholders, operations, locations or issues in 
future cycles. It identifies the timing of the current cycle. The organisation also identifies the audit 
method(s), the audit scope, and the auditor(s) to provide a high level of quality assurance to its 
stakeholders.
P 6: Identify indicators
The organisation identifies social and ethical indicators through engagement with its stakeholders. The 
indicators reflect the organisation’s performance in relation to: its values and objectives; the values and 
aspirations of its stakeholders, as determined through a process of consultation with each group of 
them; and wider societal norms and expectations.
P7: Collect information
The organisation collects information about its performance in respect of the identified indicators. The 
organisation engages with stakeholders in the design of the collection methods, which allow 
stakeholders to accurately and fully express their aspirations and needs.
P 8: Analyse information, set targets and develop improvement plan 
From the information collected, the organisation:
a) Evaluates its performance against values, objectives and targets previously set.
b) Uses this evaluation and engagement with stakeholders to develop or revise objectives and targets 
for the future, with a focus on improving performance._____________________________________
Auditing and reporting
P 9: Prepare report(s)
The organisation prepares a social and ethical report (written or verbal communication) or reports 
relating to the process undertaken in a specified period. The report(s) clearly and without bias explains 
the process and demonstrates how the organisation’s performance relates to its values, objectives and 
targets. It includes information bout its performance measured against its key social and ethical 
performance targets. The organisation provides comparative information for previous period(s) to help 
stakeholders understand the current performance in the context of prior trends and in the context of 
external benchmarks, if available.
P 10: Audit report(s)
The organisation rearranges and supports the external audit of the process, including the social and 
ethical report(s). Support is provided to the auditor throughout the planning and accounting processes 
as appropriate.
P 11: Communicate report(s) and obtain feedback
The organisation communicates information on the process and the social and ethical performance of 
the organisation to all stakeholder groups. This includes making accessible to all stakeholder groups 
the social and ethical report(s) together with the independent audit opinion(s). The organisation actively 
seeks feedback from its stakeholder groups in order to further develop its progress._________________
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Table 1.2 continued
Embedding
P 12: Establish and embed systems
The organisation establishes systems to support the process and the on-going achievement and targets 
in line with its values. Systems include those to implement and maintain values, to manage the 
collection and documentation of information and to perform the internal audit / review of the process.
Accountability,', 2000
The Accountability framework incorporates certain aspects that are not easily quantifiable. The 
tendency within the Calvert-Henderson framework is to identify methods by which the impacts can 
be measured in a purely quantitative manner. This is not necessarily the most advisable option as 
social aspects require some level of qualitative input to reflect the concerns and beliefs of the society  ^
the indicators are aiming towards, as incorporated within the AAIOOO. The qualitative input will 
require some degree of quantitative interpretation that is difficult to achieve. There are two 
approaches to measuring quality of Ufe. There are “objective” indicators and the “subjective” 
measurements of well-being (Diener and Suh, 1997). The best approach would surely be an 
amalgamation of the two types of data as societal concerns include such a range of issues. Figure
1.2 demonstrates this point.
Figure 1.2: Categories for Consideration Regarding Social Indicators
Population structure 
Essential services 
Employment effects 
Distribution of costs and benefits 
‘Social relations’
‘Quality of life’
Subjective meanings
objective /  descriptive
subjective /  evaluative
Bond, 1995
Figure 1.2 provides a good framework for addressing the different issues associated with formation 
of social indicators particularly because it incorporates the quantitative and qualitative elements. 
Some of the information which needs to be gathered in association with indicators is objective and 
is therefore, readily available. However, much of the information is subjective and therefore, is 
more difficult to collect and quantif)^  (Bond, 1995). In Figure 1.2 the use of the term descriptive 
refers to the fact that objective information can be interpreted based on facts. In comparison, the 
use of evaluative refers to the use of judgement and interpretation regarding the unsubstantiated 
facts.
The social indicators included in Chapter V of Volume I were chosen to reflect these issues 
associated with developing social indicators. The incorporate objective and subjective elements to 
ensure aU societal considerations are accounted for within assessment. The ultimate aim must be 
for the indicators to assist in the development of decision-making processes for sustainable
10
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development (SD). Therefore, it was important that the indicators were given practical application 
and this was achieved through work on the Sakhalin — process case study and RME biodiesel — a 
product case study. This explored the fact that developing social indicators was a difficult but 
meaningful process. The case studies also highlighted the complexities with developing measures 
that dealt with the qualitative issues, such as quality o f life. Therefore, work on the case studies also 
involved consideration o f stakeholder consultation and involvement.
1.2.4 Stakeholder consultation
In recent years many organisations have faced significant challenges in identifying and responding to 
society’s increasing concerns about how they should conduct their business. The issue o f public 
input to the decision-making processes o f business is gaining momentum, particularly where social 
and environmental affairs are o f concern. The production of biodiesel from oil seed rape — case 
study two -  is one such issue where the social and environmental implications could outweigh the 
traditionally measured economic aspects. To take social aspects into account a company is required 
to seek the views o f stakeholders about proposed activities.
Freeman (1984) made one o f the most commonly cited definitions of a stakeholder:
‘M stakeholder in an organisation is (by definition) any group or individual who can effect oris 
affected by the achievement of the organisation  ^objectives”
The interpretation highlights that stakeholders can have an impact on industry, not simply industry 
impacting on them (Frost, 1995; Shell Group, 1999). There are two issues that need to be taken 
into account when dealing with the boundaries o f a stakeholder definition. Firstly, it is not possible 
to engage with every interested individual. There must be a degree o f grouping undertaken to 
ensure the main areas o f concern are covered. Secondly, it is possible that the stakeholders will 
change over time, either through addition or subtraction. A stakeholder identification process can 
only represent an issue at a certain point in time.
All stakeholders will not have the same degree o f influence on, or possibility o f impact from the 
industry’s processes. Within literature on the subject of stakeholder identification there is a 
considerable amount o f speculation regarding the degree o f power, influence, legitimacy and interest 
that each stakeholder group possesses independently and collectively (Mitchell et al., 1997). Dealing 
with these issues is an involved process that is not possible to explore fuHy within the confines o f 
this project. However, they are an important point to remember.
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1 .3  L i f e  c y c l e  a s s e s s m e n t  ( L C A )
I The following literature review was initiated prior to work on the case studies. It 
I provided an interesting introduction to the most popular tool currentiy available for 
i assessing environment impacts, and why it was unsuitable for use in the petroleum 
I industry. This review was completed in April 2000.
Most products in the marketplace today require a large variety of production, distribution, use and 
disposal processes. Each process can produce a large variety o f emissions and each emission has a 
very specific effect on the environment. The complex interaction between a product and the 
environment can be dealt with through a Life Cycle Assessment (LCA). LCA is a method of 
evaluating the total environmental performance and resource efficiency o f products (Hanssen, 
1995). The LCA method is the most comprehensive and quantitative method for analyses o f 
material and energy flows, and assessment o f environmental impacts related to these flows 
(Hanssen, 1995). There are a number of interpretations o f the LCA process, basically, it is a 
sophisticated way of examining the total environmental impact o f a product through every step of 
its “life” - from obtaining raw materials all the way through manufacturing, marketing and selling, its 
use and disposal, i.e. a cradle to grave analysis. There are also cradle to gate methods o f analysis that 
focus the LCA on production processes. This type o f LCA is often the method undertaken by 
industry because outside o f production processes that they are directly involved in, they have very 
little control over the use, and in some cases disposal o f their product. It is also a method by which 
the time taken to execute the process can be reduced, because o f the sheer size and complexity of 
the data gathering and information analysis involved with LCA it can easily be seen as presenting a 
too time-consuming and costly process.
1.3.1. The methodology o f life cycle assessment (LCA)
Life Cycle Assessment (LCA) can be viewed as a tool, process or an approach to decision making in 
sustainable development depending upon how it is undertaken. LCA can take a number o f forms 
depending upon its methodology and proposed use. Up to he present time, the main focus of 
research has been on developing LCA as a tool rather than a process (Cowell, Hogan & Clift, 2000). 
There are two main codes o f practice associated with LCA. One has been developed by SETAC 
(Society of Environmental Toxicology and Chemistry). The SETAC definition o f LCA states that:
“Ufe cycle assessment is an objective process to evaluate the environmental burdens associated with a 
product process or activity by identifying and quantifying energy and material usage and 
environmental releases, to assess the impacts of those energy and material uses and releases to the 
environment, and to evaluate and implement opportunities to effect environmental improvements.
The assessment includes the entire life-cycle of the product, process or activity, encompassing 
extracting and processing raw materials; manufacturing tranportation, and distribution; use! re­
use) maintenance; recycling andfinal diposal ” (SETAC Code o f Practice, 1993)
ISO standards have also been formed for Life Cycle Assessment (LCA) within the IS014000 
guidelines for Environmental Management. ISO 14040 describes the principles and framework, 
and ISO 14041-3 describe the stages o f the LCA. These standards are fairly broad and leave space 
for a great deal of interpretation. The ISO 14040 LCA definition states that:
12
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study. ” (Bishop, 1998)
The two codes o f practice both detail that there are generally four stages to Life Cycle Assessment 
(LCA). The technical framework for LCA that was developed by SETAC in 1993 is displayed in 
Figure 1.3. The individual stages are described in the following sections.
Figure 1.3: Technical Frameivork For Fife Cycle Assessfnent (LCA)
Impact assessment Improvement assessment
• Ecological tiealth
• Human healtti
• Resource depletion ,
Goal \
and \
scope J  \
Inventory analysis
• Materials and energy acquisition
• Manufacturing
• Use
• Waste management
European Environment Agency, 1997
/.^. /. / C W  y^ yyy'Ahyy y^yy/
This is the stage where it is ascertained what the LCA will be focusing upon and is where the system 
b o u n d a p r  and functional unit are defined. This is a vep" important aspect of LCA as the scope of 
the system boundary and the functional unit has a direct effect on the outcome of the analysis. The 
system boundary holds importance because it must be set to include all key impacts of the product 
upon the environment, and yet not include unnecessary^ information. Figure 1.4 illustrates the 
relationship between the industrial system and the system environment.
13
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SYSTEM ENVIRONMENT
Inputs
1/
Industrial 
system
Outputs
System boundary
Bishop, 1998
Once the system boundary^ and scope of the LCA has been set a flow chart is produced to assist 
with the identification of what data requires collection, and to provide a visual aspect to an LCA. An 
example of a simple flow chart is provided in Figure 1.5. Each of the different phases (boxes) can 
be made up from a number of different single processes, these are inputs and outputs and are 
shown as arrows on the flow-chart. In addition, transport processes often connect the different 
phases. The compilation of a proper process diagram is crucial to succeed the LCA study to ensure 
all relevant processes are included. They can also help to improve the transparency of the results 
(European Environment Agency, 1997).
Ligim 1.5: Lloiv Chart F  or Life Cycle Assessment (LCA)
Raw material
i
Material production
_£
Production of final products
I
Use Re-use
Recovery
Deposition
European Environment: Agenq% 1997
This is the technical aspect of the LCA and focuses on aspects such as the material and energy 
balance. It is important in this stage to remember to input even the trace chemicals. In the end the 
usefulness of the data is largely determined by the data collection (LCANET, 1997). The outcome
14
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of this stage is an inventory table, which includes the inputs and outputs from a system (as 
described in Figure 3.1). It therefore includes information on aU wastes, emissions and impacts that 
were defined within the system boundary. This table must then be interpreted to provide easily 
quantifiable data. A key problem associated with LCA is that o f allocation. This acts to complicate 
the process o f performing an LCA. It is “ ...partitioning the input or output flows of a process to the 
product system under study” (Cowell & Clift, 1999). Allocation can be necessary when dealing with:
• Multi-output “black box” processes i.e. when more than one product is produced and some 
of those product flows are crossing the system boundaries;
• Multi-input processes such as waste treatment, where a strict quantitative causality between 
inputs and emissions etc. seldom exist;
•  Open-loop recycling where a waste material leaving the system boundaries is used as a raw 
material by another system, outside the boundaries of the studies system (European 
Environment Agency, 1997).
Therefore, there is a need to allocate the burdens between the products. This has important 
relevance in terms o f decision making because the “placing” o f the burdens will have effect on the 
outcome of the results of the LCA, which will have direct relevance to the final decision.
1.3.1.3 Impact assessment
This is the stage where the quantitative data are taken and interpreted into a form that is easily 
quantifiable. This will allow for any analysis or comparisons to occur. There are three stages within 
impact assessment. Firstly, the data is reduced to specific environmental effect; this is known as 
classification. Then there is characterisation that establishes how significant the results are by 
multiplying the environmental burdens by specific factors. This stage is, therefore, a mathematical 
process. Lastly, there is valuation; this reduces aU the data down to a single factor (for example, 
money). This final stage o f impact assessment is often seen as over-simpUfication, with too much 
“room for error” and so it is often omitted from an LCA. Through undertaking the valuation 
process, some of the “value” o f the final decision can actuaUy be lost through over-simpUfication. It 
can be viewed as an opportunity for a preference to be placed on a certain factor (for example, 
more emphasis could be placed on economic gain). The valuation stage offers an opportunity for 
the whole process to be manipulated by an individual, industry or organisation, therefore losing the 
value of LCA as a decision making process. The omission o f this stage has no impact on the 
viabiUty of an LCA; however, it could be argued that is helps to focus attention. However, the 
possible loss in credibility o f the entire process means inclusion o f valuation should be carefuUy 
considered.
Once the framework o f the LCA has been decided upon, the inputs and outputs associated with the 
different phases o f the LCA then have data and calculations inputted. This is the stage that often 
involves the use o f computer software to assist with calculations.
1.3.1.4 Improvement assessment
This stage is also known as ^Interpretation’ by the ISO standards. The improvement assessment 
phase (or interpretation) is where the results are explained, justified and significance on the results is
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placed. This differs from the valuation stage because it does not necessarily reduce all aspects down 
to a single factor. It is the more discursive element of the LCA. This is often done through the 
perspective o f an individual; this is why this stage can be seen as a weakness o f the process.
Different emphasis often needs to be placed on the various stages of LCA due to the type of 
company that is undertaking the assessment. The importance o f the inventory phase, for example, 
would be particularly important in a chemical company where a comprehensive log o f emissions 
would be vital to an accurate result. Therefore, improvement assessment is more important to the 
process, or primary industries. The impact assessment phase would be seen as more important to a 
firm seeking to position itself in the market and which is keen to demonstrate a stance on a 
particular issue. The impact assessment phase is, therefore, more important to the service industries, 
it has less relevance for the primary extraction industries such as petrochemical.
1.3.2 The use o f life cycle assessment (LCA) software programmes
Many institutions and companies have LCA developed software. The obvious reason for this is that 
large amounts o f data have to be stored and processed in any LCA and that computers are the 
natural tool for this. Some programmes have been developed to perform a “complete” LCA, i.e. 
both inventory, impact assessment and some kind o f interpretation is performed, whereas others are 
only able to perform the inventory part o f the LCA. Most of the developed software tools are 
commercially available at prices ranging from about 1500 Euros to more than 10,000 Euros 
(European Environment Agency, 1997).
All LCA software programmes have been found to vary considerably in:
• Range and completeness o f information;
•  Level o f detail;
• User-friendliness;
• Flexibility o f data manipulation;
• Data presentation quality;
• Purchase costs (Hook, 1999).
The use o f the software program will, therefore, dictate which is the best programme to purchase. 
An evaluation o f LCA tools was undertaken by Menke, Davis and Vigon (1996), they analysed each 
of the major software packages associated with LCA. Comparison o f software packages also 
occurred by Rice (1996) the report examines the main European LCA software packages currently 
available and establishes which are appropriate for LCAs on industrial processes. All packages 
provide life cycle inventories for the functional unit under analysis, but few provide such options as 
graphical representation o f the inventory results.
Up until the 1990s the programmes were designed to be used by the developer for conducting the 
analyses. In a sense this reinforced the notion that life-cycle inventories were an expert tool for use
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by specialised practitioners in support o f business decision-making. Only in the 1990s have the 
needs of general as well as expert users meshed with the increased capability o f personal computers, 
there is now an enhanced menu of software choices for supporting LCA (Curran, 1996),
Most of the current software is based on commercial spreadsheet programmes, Microsoft Excel and 
Lotus 1-2-3 are two of the more popular systems. As yet, there are few examples o f stand-alone life 
cycle impact assessment (LCIA) software. The spreadsheet and extended spreadsheet type o f model 
does support impact assessment in some of the software packages. It normally involves the 
spreadsheet or database being further processed through some additional calculation steps. These 
results are the presented in tabular and graphical form (Curran, 1996),
TEAM™ (Tool for Environmental Analysis and Management) is an example of an LCA computer 
package designed to look at the construction and inventory analysis aspects o f LCA, TEAM Plus is 
used as development to the package and it focuses on impact assessments, TEAM^^' is a 
professional LCA software programmes now used by more than one hundred organisations 
worldwide, TEAM™ is proposed to dramatically speed up the process o f carrying out an LCA 
without compromising the LCA methodology (Ecobilan Group, 1999),
1.3.2.1 Advantages and Disadvantages To The Software
The availability o f the databases with a large amount o f data already stored within the package 
would assist the LCA process as it reduces data collection time, A problem could occur however, 
that the data provided could quickly become out-of-date or inaccurate; that would have a direct 
effect on the results o f the LCA that was undertaken. It would, therefore, be advantageous to 
restrict procedures when undertaking an LCA to ensure the whole process does not become too 
time-consuming and therefore more likely to be out-of-date. It is also important that the same level 
o f detail is used between different data sources, otherwise discrepancies can occur (LCANET, 
1997), The costs and benefits o f the process, and use o f the software must undergo careful 
consideration to ensure the best consideration of impact occurs. It is not suitable to omit vital 
impacts purely on a time or cost saving basis, the decision making process should work to identify 
the impacts needed for inclusion in the process,
A trend in the future of software packages will be the use o f more graphical features that wül add to 
the capability of the programme and make it easier and more logical to use. More multidimensional 
approaches wiU be tried in order to better deal with the complexity o f LCA data. Non-expert users 
of LCA software are anticipated to grow in number. This increase will be due to the incorporation 
o f more expert systems capability into the software that will keep them from making fundamentally 
wrong decisions or from drawing incorrect conclusions (Curran, 1996), However, to achieve this it 
is important that the “usability” of the programmes increases with improved step-by-step 
instmctions and have a greater depth of explanation.
1.3.3 Life cycle assessment (LCA) and decision-making
Now that the process o f Life Cycle Assessment (LCA) has been explained it is possible to explore 
LCA’s role as a component of decision-making. One o f the prime objectives for carrying out an 
LCA is “ ,, ,to provide decision makers with information which defines the environmental effects of 
(industrial) activities and identifies opportunities for environmental improvement” (SETAC, 1993), 
Despite this original intention, Miettinen & Hâmâlâinen (1997) explain how Life Cycle Assessment
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(LCA) has been developed without much consideration of the literature on decision modelling. 
They describe the LCA methodology and application, and discuss how the integration o f decision 
analysis and LCA could improve LCA as a tool for decision making. Within LCA there should be 
clear distinction between the subjective and objective parts. Goal definition and scoping is a 
subjective step that should be guided by the preferences of the real decision makers and the 
information requirements related to the application. These preferences o f decision makers are an 
important aspect of data collection to obtain that is often overlooked. Impact assessment involves 
both objective and subjective parts. Classification and characterisation are objective. They should be 
based on knowledge on the effects o f different substances in the eco-system. Valuation is a 
subjective step, where the preferences o f the decision makers should be the guiding factors. 
Miettinen & Hâmâlâinen (1997) identify that the inclusion o f the analysis o f uncertainty into LCA is 
another important area where decision analysis should be used. They suggest that evaluation should 
be conducted on a case-specific basis, thereby making it specific to the decision maker, using the 
multi-attribute theory.
The issue of LCA and decision-making was also investigated by Baumann (1998). Two types of 
decision-making can be observed; operative (day to day “running” o f a product or process) and 
strategic (the overall management o f a product or process). This distinction between operative and 
strategic has endured the years but there is a growing awareness that it may not reflect the actual 
structure o f decision making in organisations. This is because decisions are currently occurring at all 
stages o f a company and so it is difficult to distinguish between strategic and operative decisions. In 
reality decisions are more likely to be a combination of both. This is certainly the case in 
organisations such as the Shell Group where its highly decentralised structure means decisions are 
occurring at all levels. It is also important to remember that the effect o f decision making will not be 
limited to a certain organisation, or group. Increasingly companies are coupled together to form an 
“organisational field”. This is especially the case with LCA where the different stages o f a product 
or process, such as use and distribution is highly likely to cross the boundaries o f individual 
organisations. This will have important impacts in terms o f decision-making associated with LCA as 
it widens the range o f stakeholders and decision-makers.
LCA is a useful tool in monitoring environmental performance or making decisions towards 
environmental improvement. It offers a way to examine and validate environmental impacts. LCA 
allows for comparison between competing systems and can determine the trade-offs o f one 
approach against another. LCA can prove that improvements in environmental performance at one 
place or at one stage of a life cycle, are not replaced by greater environmental impacts elsewhere. 
However, stand-alone, comprehensive LCAs are not sufficient as a basis for decision-making 
associated with sustainable development because:
Those making the decision may consider the environmental impacts assessed in LCA irrelevant 
to the decision. In fact, it is inherent in LCA that it wiU identify the interests o f groups and 
individuals who are not party to the decision;
The cost of undertaking an LCA may outweigh its usefulness in the decision-making process;
LCA does not consider the strategic context for decisions. Many decisions have relatively long­
term implications (e.g. waste incinerators may be constmcted to operate for 10-15 years), and 
thus a decision at one point in time may mitigate against introduction o f future innovative 
alternatives with greater environmental benefits;
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•  LCA does not account for the wider implications of decisions such as changes in the structure 
o f industry sectors (although in theory this could be incorporated into LCA methodology by 
defining whether decisions cause incremental or step changes) (Cowell, Hogan & Clift, 2000).
LCA should be seen as part o f a wider application o f components o f decision-making but it is an 
important first step to be made. Careful consideration o f the goal and scope to include within the 
process is cmcial to the execution of an LCA in terms of its future usefulness within a decision­
making context. LCA can be identified as a component for learning, rather than one o f support for 
specific decisions (Baumann, 1998).
1.3.4 Life cycle assessment (LCA) and industry
Once the process o f Life Cycle Assessment (LCA) has been investigated, and its use in a decision­
making context has been ascertained, it is important to investigate its actual application in terms of 
industry. Industry needs to prove that it is capable of operating in ways that are sustainable. This wiU 
not be accomplished by treating environmental issues as a matter for public relations or as an 
offshoot o f Health and Safety. The environmental challenge must be seen as an important strategic 
decision (Hutchinson, 1996).
LCA is usually undertaken by the industry sector and can be intended to provide environmental 
data for the public or for government. Companies have been known to use LCA for marketing and 
advertising, to support claims that their products are “environmentally friendly” or even 
“environmentally superior” to those o f their rivals (LCANET, 1997). Market and regulatory 
pressures on firms to adopt life cycle approaches differ markedly between industrial sectors and 
across national markets; this difference is described by Berkhout and Howes (1997). They describe 
that the producers o f final products are most likely to find opportunities for improvements in the 
life cycle environmental performance o f products while making gains in dynamic competitiveness at 
the same time. The upstream producers o f commodity products tend to use life cycle approaches as 
a defensive tool against negative environmental claims and to seek influence in policy process. 
Therefore, the petrochemical industry and other downstream producers apparently have more 
limited use o f LCA in identifying improvements (there are exceptions to this rule, such as Proctor 
and Gamble). Azapagic (1999) investigated the use o f LCA in these industries by explaining that the 
pressures on the chemical and process industries are increasing to improve their environmental 
performance. The paper describes that the need for these industries to move away from narrow 
system definitions and concepts in environmental management system is becoming more apparent. 
LCA is gaining wider acceptance as a method that allows quantification o f environmental 
interventions and evaluation o f improvement options, throughout the life cycle o f a process, 
product or activity. Therefore, the paper describes how the chemical and process industries may 
appear to have a wider application o f LCA than just associated with specific products.
Leading firms such as Monsanto, 3M, Hewlett Packard and Chrysler have demonstrated that life 
cycle management can create value through increased customer satisfaction, faster product 
introduction, profit margin improvement, simplified regulatory compliance and enhanced corporate 
image (Battelle, 1999). The following are examples o f companies that include LCA in their decision­
making processes and how they attain this.
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1.3.4.1 Unilever
The first phase of any Life Cycle approach to environmental management lies in identifying and 
quantifying aU the usages o f primary resources and all the emissions and wastes associated with 
providing a product or service. This process is usually termed ‘Inventory Analysis’ and the resulting 
set o f data is known as the Inventory Table describing the product system. The Inventory Table 
typically comprises hundreds of numerical data. It is conventional, therefore, to condense it to a 
smaller set o f metrics that indicate the environmental significance o f the resource usages and 
emissions, by the process known as Impact Assessment.
Unilever (one of the first companies involved in LCA) reports Life Cycle environmental impacts 
normalised to economic value they call it “Overall Business Impact Assessment” (OBIA). Clift & 
Wright (2000) describe the details o f this process.
Normalisation
Without going as far as aggregating impacts into a single Environmental Performance Index, 
an indication o f the significance o f the contribution to each impact is obtained by expressing 
each impact as a fraction o f that arising from all human activities over some specified area 
and time period. For example, emissions in one year from the total worldwide activities o f a 
multinational company can be normalised by relating them to total anthropogenic emissions 
over a year. Normalising in this way serves to reveal the categories where the company’s 
activities are most significant.
Unilever’s OBIA approach uses normalisation to relate the environmental impact to the 
economic value o f the business giving rise to the impact. The normalised impact parameter 
for the contribution o f the business area or product is calculated as:
= (Life cycle impact of business or product / Value of business or product) 
(Total anthropogenic contribution to impact / Global economic product)
CHft& Wright, 2000
The outcome of this calculation gives an average for the “value” o f the product or process. 
Most businesses have parameters that are roughly equal to 1. This calculation enables the 
identification o f those businesses or processes that have high impact in relation to their 
economic value. Those that have a value after calculation of less than 1 are operating very 
well. The World Business Council for Sustainable Development (WBCSD) uses a very 
similar approach.
ICI has developed a new approach to assess the potential harm to people and the environment 
from chemical emissions (Wright et al, 1997). It is known as Environmental Burden (EB) and uses 
the same approach as is used in LCA. It is an attempt to rank the potential environmental impact o f 
ICI’s different emissions. The environmental impact categories that ICI uses are:
20
Volume II — Setting the scene for the case studies
1.3 U fe cycle assessment (LC A)
Acidity;
Global warming;
Human health effects;
Ozone depletion;
Photochemical ozone (smog) creation; 
Aquatic oxygen demand;
Ecotoxicity to aquatic life.
The environmental burden of each environmental impact category is calculated using the following 
formula:
EB = ( W  X PR + ( W b X  PFb) + ( W c X  PFc)...
Weight In tonnes for each Specific potency factor based on known or 
substance emission estimated environmental risk.
ICI, unknown
One substance is designated as the baseline or standard for each category and is given a ‘potency 
factor’ (PF) of 1. The PFs for other substances in the category are determined by comparing their 
potency with the baseline substance. Each substance emission also has the potential to affect one or 
more environmental impact categories.
ICI believe the EB approach could be used by companies in all industrial sectors, and cover all 
environmental aspects. Some companies have adopted a similar approach, including Dow Chemical 
Company and the UK Environment Agency who have published papers that propose a 
methodology for the assessment o f the Best Practical Environmental Option (BPEO). Parts o f this 
approach are similar to the EB approach, although there are important differences in the treatment 
of land-based discharges and attempts to arrive at an overall environmental impact index.
The problem with the ICI environmental burdens approach is that it can only be focused on 
operations and was not widened to look at supply chains and products. This would have been a 
valuable development to the approach.
1.3.4.3 Tioxide Group Limited
Tioxide Group Limited (1995) recognised that rewards were possible for the responsible, and 
sanctions were likely for the less responsible in terms o f environmental impact. Their goal in using 
Life Cycle Assessment (LCA) was to provide hard information that is o f practical use to customers 
as well as their own operations. The use o f LCA enabled Tioxide to discover much about the 
relative effects o f different substances and processes. It provided better information on which to 
base environmental decisions and thereby make better choices in improving their business 
performance. Tioxide Group Limited (1995) concluded that a balance o f factors determines the best
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option at any particular location. And so the equation must be optimised on a site-by-site basis and 
there is no single global solution. LCA is seen by the Tioxide Group, when used in conjunction with 
the other elements of their continuous improvement programme, as a powerful guide.
1.3.4.4 Shell Group
Shell has not adopted Life Cycle Assessment (LCA) within its operations. It indirectly uses a life 
cycle approach through the use of product stewardship. Product stewardship is a management 
system that promotes, through qualit}  ^ procedures, responsible health, safety and environmental 
performance throughout the total Ufe cycle of a product. It is about responsible and ethical HSE 
management of a product throughout its life cycle from discovery, through its useful life until 
disposal. The objective is to reduce the risk to aU stakeholders that come into contact with the 
product at any stage and to avoid damage to the environment. Figure 1.6 is a description of this 
approach.
Figure 1.6: The Scope O f Product Stewards hip
Product concept
Recycling & disposal Research & development
Scope of product 
stewardship
Applications/foreseeable
misuse Manufacture
Storage & distribution
Shell internal website
Product stewardship, therefore, includes the health and safety aspects that LCA lacks, and uses LCA 
as a tool within the approach. This is because the aspects that LCA falls short on, such as health and 
safet\y are extremely important to the petroleum industry (Clarke-Sturman, pers. com). It is 
important to Shell to have a balanced approach to aU aspects during a decision making process.
1.3.4.5 Heudett-Packard
Hewlett-Packard is an example of a company that also uses a product stewardship initiative. It 
believes that their Product Stewardship program will help its business achieve improved results by 
helping them meet their customers’ expectations about product environmental performance.
Examples of the reasons why some companies do not undertake work on LCA can be listed as 
being:
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• No confidence in the LCA process;
•  LCA is too costly (time and effort) and they have a lack o f expertise;
• Environmental management (of which LCA is a key part) is not (yet) an issue in certain
industries;
• Lack o f commitment;
• LCA data is not published because of the fear o f exposure, and the fear o f losing technical or
economical trade data and the fear o f increased regulation (by authorities) (LCANET, 1997).
This is not a definitive list o f problems but does provide a useful indication. These issues would 
appear to be the most pressing problems associated with LCA. Once these have been dealt with the 
increased use of the process and software programmes should bring an increase in the overall 
quality o f LCA.
Fava (1998) investigated how life cycle perspectives can lead to business benefits and identified that 
the benefits realised from the application o f life-cycle concepts include cost containment, liability 
management, stakeholder value and competitiveness. Fava (1998) concludes that companies use of 
Ufe cycle thinking is encouraged to help plan and begin to design and improve the environmental 
quaUty o f product systems. Berkhout & Howes (1997) identified that the benefits available to firms 
are usuaUy indirect, and may be defensive (protecting market share or countering new regulations), 
or more developmental (supporting product development and product strategy). Although the LCA 
methodology is stiU evolving, Ufe cycle thinking has appUcarions to business and organisations as an 
alternative way of addressing environmental problems.
1.3.5 Life cycle assessment (LCA) and the economy
Hermann Daly, claims that sustainable growth is just an oxymoron (Bartlemus, 1999). However, 
there have been various attempts to integrate economics with environmental systems.
‘Tfatural capital refers to those features of nature, such as minerals, biological yield or pollution 
absorption capacity, that are directly or indirectly utilised or are potentially utilisable in human social 
and economic systems’* (Clayton & RadcUffe, 1997, p.78).
Environmental economists urge the appUcation o f market instruments such as green taxes or 
subsidies to efficiently guide enterprises and households into environmentaUy sound behaviour. The 
instruments utiUse individual preferences and knowledge as the gauge of economic costs and 
benefits (Bartelmus, 1999). The environmentaUsts, on the other hand, beUeve that individual self- 
concerned preferences are inaccurate judges o f environmental impacts o f economic activity, 
especiaUy if they refer to difficult-to-assess health effects and aesthetic, cultural, educational, or 
ethical values; individual preferences have to be superseded by coUective judgement and decision­
making (Bartelmus, 1999). These two differing opinions need to be integrated through some 
mechanism in order to solve the problems associated with the integration o f economics within 
sustainable development decision-making.
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13.5.1 The integration of sustainable development decision-making within economics
In attempts to broaden decision-making, discussions on economics and the environment are being 
discussed in more inter-related terms (Curran, 1996). Humankind depends on the products o f 
economic processes, such as agriculture and industry, which convert environmental inputs into 
economic outputs (Clayton & Radcliffe, 1997). Humankind, at present, does not know how to grow 
economically without degrading the environment (Pearce, 1993). There is a tendency to look 
towards statistical support for decision-making (Bartelmus, 1999) and this is why economic 
valuation is often a part o f the analysis of LCAs. Until economic value of environmental quality is 
an everyday feature of the way progress is computed, and more importantly, the way decisions are 
made then the imbalance o f the economy over environmental considerations will not be corrected. 
That is why economic valuation is important (Pearce, 1993). The essence o f this valuation at present 
is finding a 'willingness to pay’ measure in circumstances where markets fail to reveal that 
information (Pearce, 1993).
The purpose o f economic valuation is to reveal the true costs o f using up scarce resources (Pearce, 
1993). Every resource has a limit after which the limit may be exceeded, but at excessive cost. This 
resource constraint is an instance of ‘Malthusian’ scarcity (Pearce, 1993). Another form o f scarcity is 
‘Ricardian’ scarcity. This occurs when absolute limits are not breached, but the cost o f harvesting, 
extracting and using a resource rises (e.g. global atmosphere) (Pearce, 1993).
The process o f economics relies on “discounting” the future so that gains and losses to society are 
valued less the more distant they are in the future. This approach is designed to reflect that 
individuals and organisations prefer to receive any benefits in the present, this state is referred to as 
‘intergenerational incidence’ (Bengston, 1993; Pearce, 1993). The ‘willingness to pay’ valuation 
method focuses on the importance o f environmental aspects based on society’s ‘willingness to pay’ 
to have that resource. Despite this method being a common approach to economic valuation o f 
environmental aspects it poses the difficulty that the economic costs o f the poor count for less in 
the marketplace than the economic votes of the rich, which is an example o f intragenerational 
incidence (Pearce, 1993). The intergenerational and intragenerational problems associated with 
economics currently have no method of integration in economic decision-making about the 
environment (Pearce, 1993). Deciding who should use environmental resources how, where and 
when is complex (Australian Department of Environment, Sport and Territories, 1999).
1.3.5.2 The integration of economics within life cycle assessment (LCA)
It is important that both economic and environmental factors are considered when executing an 
LCA to ensure that the life cycle of a product is sustainable in aU relevant ways (White, 1995). The 
environmental impact information generated through an LCA is useful, but is not a sufficient basis 
for making a sound decision about design, production or operational changes (Curran, 1996). Costs 
are what business managers understand best, and costs are an integral part o f the decision-making 
process when identifying potential improvements to a product, process or activity (Curran, 1996).
Cliff and Wright (2000) investigated the relationship between environmental impacts and added 
value along the supply chain. The Overall Business Impact Assessment (OBIA) method developed 
by Unilever (as described in section 6.1) is extended to show how environmental impacts and 
economic value build up along the supply chain o f a product (focusing on mobile telephones). The 
conclusion is given that the primary resource industries give rise to environmental impacts that are 
disproportionate to their associated added value. The paper’s conclusion explains why, in an
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economic climate where environmental performance is increasingly emphasised, there is a tendency 
for companies to position themselves in the later stages of the supply chain or to become service 
providers. This is an important representation o f how economics and LCA work can be linked to 
provide useful information.
The economic aspects o f LCA are most apparent at the valuation stage o f the LCA where figures 
are assigned to the impacts that have been noted. The combination of LCA and economic valuation 
is relatively new and due to the difficulty o f weighting the data relatively few LCAs include a 
valuation of the inventory results (Powell, Pearce & Craighill, 1997). Powell, Pearce and CraighiU 
(1997) describe the four main approaches to valuation methodologies:
•  Distance to target techniques;
•  Environmental control costs;
•  Economic damage costs;
• Scoring technique.
Distance To Target Techniques
The weights for this approach are derived from the extent to which actual environmental 
performance deviates from some goal or standard. And it focuses on what society has failed 
to achieve. However, this approach could be focused on what is politically achievable as 
opposed to scientifically desirable. These politically achievable standards are often 
determined arbitrarily and seldom transparent. The standards will relate to different time­
frames and can vary between countries and therefore standardisation can prove to be an 
issue. Only emissions with regulatory standards are included and those without can be 
interpreted as being unimportant. Plus, any effects that are below these standards can be 
claimed as being unimportant which can lead to false representation. Any effects are 
important and require careful analysis and consideration, not just those that are politically 
important. N ot all these standards can be viewed as being equally important which proposes 
another drawback of this valuation method.
Environmental Control Costs
Environmental control costs are derived from expenditure necessary to control 
environmental damage, the control costs. The level o f control is usually taken to be that 
required to achieve some environmental standard (therefore, this approach is linked to 
distance to target). The underlying rationale is that society has expressed its ‘willingness to 
pay’ for achieving the standard by implicitly voting the expenditure required to achieve the 
standard.
Environmental Damage Costs
Environmental damage costs use weights from explicit or implicit measures o f willingness to 
pay to avoid impacts identified in the LCA. This method is, therefore, closely related to 
contingent valuation and suffers from similar drawbacks. In a decision making situation
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where the financial cost is very important the damage costs can be added to the financial 
costs. However, this approach is still an evolving technique and so it is limited by the 
economic damage estimates that are available.
Scoring Techniques
When using scoring techniques the weightings are obtained from a group of experts, or 
from a cross-section o f interested parties who possibly have differing views. Numerical 
weights are applied to the impacts and the weighted impacts are then added. The more that 
is covered by this type o f study the more difficult it is to conduct the rankings, it can easily 
develop into a very comprehensive method.
The weights used in the valuation o f LCA when economics are not relied upon, therefore, 
are determined by ‘experts’ or ‘society’ (Powell, Pearce & Craighill, 1997). This can lead to 
difficulties in balancing the outcome of a group with a high degree o f knowledge, but not 
representative o f societal interests or a socially representative group that lacks the required 
knowledge o f the problem under debate. The issues associated with society in terms o f LCA 
must be investigated in order to ensure aU aspects o f sustainable development have been 
considered.
1.3.6 Life cycle assessment (LCA) and society
The inclusion o f social aspects within an LCA is very limited and often only refers to the effect that 
certain impact wül have on society. There is some call for inclusion o f stakeholders within the 
decision-making process. In principle the interests o f aU stakeholders should be represented in the 
decision-making process, however, the time and resource constraints that this involves means it is 
not always a viable concept (CoweU, Hogan & CHft, unknown).
The term “stakeholder” has become a key word associated with sustainable development. It has a 
variety of definitions and interpretations one o f which is that it refers to all the people who can 
affect or be affected by a given decision, project, scheme or activity. Examples o f stakeholders are 
elected leaders, employees, chüdren, families o f employees etc. A stakeholder is basicaUy anyone 
who has a legitimate interest in the particular issue or community as described by Clift (1999). The 
‘legitimate’ is deliberately left undefined because o f the variation it will have depending on the type 
o f decision that is being undertaken. Figure 1.7 displays the involvement o f stakeholders at different 
stages in a decision-making process.
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Figure 1.7:
Planning group of stakeholders 
decide on provisional approach, 
and alternatives
Simplified LCA or similar 
assessment
Core group plus additional stakeholders 
identified by initial assessment finalise 
approach and alternatives
Time
Assessment of alternatives
Decision group of stakeholders
Decision
Stakeholders involved in the decision
CowelJ, Hogan & Clift, unknown
Figure 1.7 displays how LCA can be incorporated within the decision-making process when dealing 
with social aspects. WLen LCA is used there is a potential role for stakeholders during goal 
definition and scoping; impact assessment and improvement assessment (Cowell, Hogan & Clift, 
2000). At all these stages decisions are taken that affect the results of the LCA and, therefore, the 
decision. The implication is that LCAs can be simplified as part of the decision making process by 
eliminating aspects not relevant to any of the stakeholders (Cowell, Hogan & Clift, 2000). However, 
this leads to the danger of over-simplification leading to an inaccurate representation and it could be 
problematic deciding who should be involved. Some stakeholders wiU be impossible to identif}  ^and 
involve. CoweU, Hogan & CUft (2000) beUeve that stakeholder’s views and their concerns could be 
expressed at different stages of the wider process that involves LCA, rather than within LCA 
specificaUy. The impact of the LCA results in decision-making would be assisted if LCA were 
recognised as a process. Therefore, it could be linked to stakeholder concerns and linked to other 
tools to increase its usefulness in decision-making. Therefore, the interpretation again would appear 
that LCA is not a component that can be used alone within decision making for sustainable 
development, it must be used along with other components to ensure breadth and depth to the final 
decision.
An alternative to this view is given by O ’Brien, Doig and CUft (1996) who proposed an outline for a 
procedure for introducing social and poUtical processes through a social and emdronmental Ufe 
cycle assessment (SELCA). The purpose of carrying out a SELCA is given as to propose a 
structured yet flexible way, to identif}  ^ factors that must be reconciled in making strategic and 
planning decisions for a sustainable society. SpecificaUy, SELCA aims to:
1 Provide techniques for combining environmental and sociological assessments of alternative 
systems which can satisfy human need in both operational and strategic terms;
2 EstabUsh an assessment framework that incorporates both scientific/technical and 
social/strategic evaluations of these options (O’Brien, Doig & CUft, 1996).
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O ’Brien, Doig & Clift (1996) identified that current assessments tend to focus on environmental 
hazards in quantitative terms. The quantitative, technological dimensions o f assessment take 
precedence over the qualitative, socio-economic dimensions. The proposal for a SELCA is intended 
to shift the emphasis to investigate which social sectors are generating which environmental impact 
channels and how the channels are organised and sustained. Therefore, SELCA is intended to 
indicate both the quantitative direct and indirect environmental impacts and the social 
determination of the impact routes, their organisation and control. It is intended that the process of 
assessment wiU prove to be more transparent and complete than standard LCA procedures. A 
concern could be noted in relation to whether trade-offs wiU then occur between social and 
environmental dimensions. The goal and scope o f the process, and perceptions o f the decision 
makers wiU have to be carefuUy controUed to ensure that SELCA has careful consideration o f any 
trade-offs.
In their research O ’Brien, Doig & CUft (1996) conducted the Environmental Life Cycle Assessment 
(ELCA) and the Social Life Cycle Assessment (SLCA) independently. This was because there were 
no previous guideUnes on the subject o f the social side. The SELCA methodological procedure is 
given in Figure 1.8 (FG = focus group) the method responds to key issues in community 
consultation and environmental planning identified in the Uterature. These include the need to 
consider the environmental impacts o f the whole system and its interactions with other systems, 
rather than only site-specific impacts. A second issue is the need to develop plans and protocols for 
environmental monitoring and management that draw on the inputs o f a wide range o f affected and 
interested constituencies.
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Consultation with stakeholders is intended to help clarify the scope of the environmental impacts of 
the industrial process, however it relies on harmonisation of stakeholder preferences. The problems 
identified by a planner, developer or energy company are unlikely to be the same as the 
communities and groups that would be affected. WTien the environmental problems have been 
ascertained, the goals of the study and the extent o f the system to be examined can be fixed to 
reflect the major concerns expressed in the consultation exercise (O’Brien, Doig & Clift, 1996). The 
qualitative information provided by the assessment at the inventor)^ stage is organised as a grid 
reference that identifies social channels through which the different process options operate. The 
channelling process is important in the organisation of environmental impacts and occurs through 
the interaction of multiple, over lapping co-systems. There is a range of data collection and analysis 
methods available for use in SLCA research such as interviews, focus groups and analysis of 
documents.
The information generated by SELCA may be put to a range of different purposes so the 
improvement evaluation may be stated in a number of ways. Evaluations can take the form of 
policy or strategy proposals relating to the organisation, regulation or operation of contributor)’ 
systems. The evaluation occurs in two stages, firstly, the findings of the ELCA and the SLCA are
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constructed as two tables. The points are then identified within the life cycle where the ELCA and 
SLCA suggest interrelated outcomes. This comparison can highlight contrasting issues o f concern 
or the ELCA and SLCA could highlight different analytical and practical issues. O ’Brien, Doig and 
Clift (1996) accept that LCAs are currently complicated analytical tools that require large amounts of 
data and sophisticated techniques into which it is difficult to insert social considerations. However, 
the SELCA is intended to bring together different aspects o f sustainability to produce a more 
complete and comprehensive analysis o f social, economic and environmental factors in the process 
ofLCA.
The benefit o f using ‘social’ weights is because expert panels represent a small section of society so 
although their goals are usually clear, they should be considered as less socially representative. 
However, they may be more technically competent, it wiU therefore depend on what the LCA is to 
be used for. I f  it is undertaken to be given as a representation o f a product or process to external 
parties then the use o f social weights and stakeholders will be an important inclusion. I f  the LCA is 
to be used for in-house education then the use o f an expert panel is likely to be o f more benefit.
1.3.7 Life Cycle Assessment (LCA) And The Environment
LCA’s main use is to study environmental impacts and, therefore, its main use can be seen as being 
within the “Environment” sector o f sustainable development. Product comparison is still the goal 
of many groups, especially in eco-labelling programmes, identifying opportunities to alter a product, 
or process to improve its environmental profile (or make it “greener”) is now often the motivation 
behind conducting an LCA (Curran, 1996). Companies tend to look at environmental impacts as 
being those impacts that are related to standards and guidelines and whether these have been 
exceeded. Under the Environmental Protection Act, 1990 constraints are stricter than they have 
ever been. The public will have access to information and the Polluter Pays Principle will be 
enforced (Hutchinson, 1996). The maximum fine that can be imposed by a Magistrate’s Court has 
been raised to ^20,000 while in higher courts unlimited fines are available as penalties (Hutchinson, 
1996). This threat of legal action and fines is likely to be a major driver in terms of consideration o f 
environmental impacts by companies! Current environmental assessments are usually concerned 
with specific types o f impact (O’Brien, Doig & Clift, 1996) and companies do not necessarily 
concern themselves with ecological aspects outside o f legislation. As LCA is taken more seriously by 
businesses there is increasing concern that LCA may become a non-ecological activity (Welford,
1995).
“It Is clearly in the interests of suppliers of hulk commodities to dran> the boundaries of L C A  quite 
tightly in order to focus attention on those factors which are most easily controlled: wastes, polluting 
emissions and ener^ consumption. However, a fu ll ecologcal consideration ofproduct life cycles also has 
to take into account the impact of raw material procurement on biodiversity, endangered habitats, 
human and animal rights and non-renewable resources. Ignoring these issues may be convenient 
(especially to agrochemical, petrochemical, chemical and mining industries) but it is not tolerable from 
an ecologicalperspective. ” (Welford, 1995, p.lOO)
The problem when dealing with environmental impacts relates to how far-reaching the assessment 
should be (Welford, 1995). It is noted that not aU relevant environmental impacts are considered in 
LCA assessments (Finnveden & EkvaU, 1998). If  inadequate impacts are taken into account then 
the LCA could become inaccurate which easily leads to problems of bias especially when using the 
LCA for product comparison. This may be o f use to industry because those companies that take a
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holistic approach to assessing environmental effects wül gain a competitive, and therefore, market 
advantage. However, damage to the reputation of a company through inaccurate representation of 
their emdronmental effects could lead to serious problems in customer perception and result in sales 
loss. Those that represent a strong environmental commitment can obtain costs savings, an 
improved image and a more effective, holistic management style (Curran, 1996). Therefore, how in- 
depth a company goes into its environmental effects is a very important consideration. As 
realisation grows that the real challenge is to achieve a sustainable future, the struggle wül be to 
balance the viabilit}" of the business, in terms of cash flow and profitability, with the health of the 
environment in terms of ecology and its ability to support life (Hutchinson, 1996). The matrix in 
Figure 1.9 can show the stmggle between market potential and sustainabiHt}  ^for products.
Figure 1.9: The Balance Between Market Totential and Sustainability For Products
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Market
potential
Low
Modify Priority for 
development
Abandon
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acceptance
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Potential for sustainability
High
Hutchinson, 1996
The matrix demonstrates how a product’s potential for market potential can be incorporated within 
its sustainabiHt\6 This would be an important realisation for companies to make. However, it would 
require complete understanding of the processes involved with sustainability, which in terms of the 
ecology is often neglected within many LCAs to date.
1.3.8 The problems associated with life cycle assessment (LCA)
The key problem associated with LCA is that it can can often be used to compare products can 
often be Hke trying to compare apples to oranges. For example, is a product worse because it 
poUutes the air by consuming energy from coal-fired power plants, or through disrupting 
ecosystems by consuming energ}  ^ from massive hydroelectric dam projects? It is apparent that both 
types should be minimised if at aU possible, the question is which of them imposes greater 
environmental burden. This is a problem that can often be overlooked when using LCA. Valuation 
methods have been developed as an attempt to address this issue. However, this is a controversial 
and complicated process by reducing impacts often to a monetar\^ factor. The interpretation and 
valuation of these environmental impacts are often done by individuals and can, therefore, be 
presented as not sociaUy representative. The balance between knowledge and social representation is 
one that is fuUy realised by LCA at present.
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More SpecificaUy within the LCA process itself problems have been identified by definition of 
functional units, aUocation, system boundaries, health and safety and the appUcation o f streamlining. 
This is because o f the potential compUcations these aspects can cause. AU of which add to the lack 
of confidence in the procedure. The defining of the system boundaries and functional units can also 
provide anomaUes. This is because they involve an element o f subjective judgement about where to 
set these boundaries. There is considerable room for error within an LCA, not simply due to the 
defining o f functional units and system boundaries but also through the trade-offs that must be 
made throughout the decision-making process.
The lack o f inclusion o f health and safety matters and the fact that the procedure is often non- 
repeatable adds to the reluctance by industry (especiaUy petrochemical) to utiUse this tool to its fuU 
potential. This state is exacerbated by the time and money that is required to execute an LCA.
1.3.9 H ow  the problems associated with life cycle assessment (LCA) can be improved
The controversy over the shortcomings o f LCA has been exacerbated by the partisan use that has 
sometimes been made o f them (for example, by a company that is defensive about one o f its 
products and seeks to use an LCA to justify it). These issues have often led to competing LCAs 
drawing completely different conclusions on the environmental impacts of the same types of 
product, which results in undermining their credibility (Bennett & James, 1999).
Obtaining accurate and up-to-date information on aU aspects o f an LCA is often difficult to achieve 
because of companies’ confidentiaUty and sometimes reluctance to generate data. Emphasis shoiUd 
be placed on industry associations to promote the exchange o f LCA data and avoid competition 
issues (LCANET, 1997). However, the data released must be as transparent as possible to ensure it 
is an accurate representation. Communication o f the success stories associated with LCA could 
prove to be a powerful incentive for other companies to follow suit.
Due to the large amount of data required by a full LCA, a great deal of attention has been directed 
toward developing a streamlined LCA approach. The goal o f streamlining LCA is to reduce the time 
and cost o f doing an LCA without sacrificing the credibility o f the results. It requires a “shrinking” 
of the boundaries and minimisation o f data that has to be gathered, which must be done with 
caution without jeopardising the results. This could perhaps be done by omission o f Ufe-cycle stages 
the lack o f which o f which will not be affected by changes to the rest o f the system. (Curran, 1996). 
However, the legitimisation o f simplified LCAs may result in decision-makers excluding 
environmental impacts they consider irrelevant or that occur outside their geographical area of 
concern and so the usefulness o f the LCA wiU be undermined (CoweU, Hogan & CUft, unknown). 
There is a tendency for LCA to focus on the environmental aspects of decision-making. A balanced 
approach o f the three aspects o f sustainable development is needed to achieve a decision that is o f 
use.
Azapagic and CUft (1999) have proposed one method of improving the use o f LCA through the use 
of multiobjective optimisation (MO). This means the system is simultaneously optimised on a 
number o f environmental objective functions, defined and quantified through the LCA approach. 
This results in a range o f environmental optima from which the best compromise solution for 
improving the environmental performance o f the system can be chosen. The system improvements 
cannot be based solely on environmental considerations and other factors, including socio­
economic, must be considered in paraUel. The paper shows that MO coupled with LCA provides a
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powerful tool for balancing environmental and economic performance, thus enabling the choice o f 
best practicable environmental option (BPEO) and best available technique not entailing excessive 
cost (BATNEEC). Azapagic and Clift (1999) show that LCA can successfully be combined with 
optimisation techniques to satisfy both economic and environmental criteria for more sustainable 
performance o f the product system over the whole life cycle. Azapagic (1999) believes that the use 
of MO provides a potentially powerful decision making tool which may help to identify more 
sustainable solutions in the process industries. This process, is still likely to depend heavily on 
preferences and values o f those involved, so it cannot be viewed as the definitive answer to decision 
making associated with sustainable development.
1.3.10 Conclusion
Life Cycle Assessment (LCA) provides a valuable insight into the environmental effects o f products 
as long as they are carefully and systematically undertaken. LCA is a useful tool when related to 
specific questions or comparisons. When applied to a more general use or comparison the results 
obtained vary and produce sceptical results. LCA has a vital role to play in decision-making, 
although in practice its usefulness is often limited due to time and financial constraints, and 
prioritisation o f other factors over minimisation o f life cycle impacts. Therefore, there is a need for 
developing LCA as a process to facilitate the use o f simplified LCA in conjunction with other tools 
and its use in decision making processes and the appropriateness o f combining tools, elements and 
data are areas that require further research (Cowell, Hogan & Clift, unknown). Care must be taken 
over any attempts to simplify the process o f LCA, as there is a danger o f over-simplification leading 
to mis-representation.
The methods by which the results can be incorporated within the decision making process are 
currently underdeveloped and require further research. An increased standardisation would assist in 
dealing with the issues o f differences in LCA software and trade-offs. It would also assist in 
ensuring the process becomes less of an ‘expert’ tool. This will ensure that it becomes a more 
accessible procedure where variations in results can be limited that would, in turn, present more 
credibility to the process.
When dealing with the petroleum industry specifically the use o f LCA software databases are o f no 
use because the information presented is based on averages which rarely result in accurate and 
reliable information. LCA can be useful to the petroleum industry when attempting to highlight 
areas o f processes that require attention. Outside o f these boundaries the use o f LCA in the 
petroleum industry is limited. One of the most important developments in LCA in terms of this 
type of industry would be more direct inclusion o f health and safety aspects.
The following are the key findings made based on this literature review regarding LCA and decision 
making associated with sustainable development:
• The structure of organisations means traditional approaches to decision making as being either 
strategic or operative are no longer valid. Decisions are occurring at all levels, and decisions 
often combine the strategic and operative approach;
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Decisions made in association with sustainable development should occur on a basis of 
“incrementalism”, there are no fast answers to any o f the problems that will be encountered^;
Decisions that are made in association with sustainable development are likely to never reach a 
final decision. The process o f decision making should be constantly checked to take into 
account changing conditions in public perceptions etc;
Life cycle assessment (LCA) is the first stage o f decision making for sustainable development, it 
cannot be viewed as a stand-alone tool. It should be integrated within a wider approach;
When undertaking life cycle assessment (LCA) it often involves taking more than one company 
into account, it is a tool that crosses organisational boundaries;
The use o f social, environmental and economic aspects within LCA are reliant on the audience 
of the outcome o f the tool. The knowledge o f expert panels is applicable when aimed at in- 
house audiences. I f  results are to be more widely available it is important to have some 
involvement o f stakeholder groups.
The work contained in these literature reviews provided a good background to the major issues to 
undertaking the work on case studies. Some viewpoints have changed from working on these 
subjects — particularly the case with incrementalism — and knowledge has deepened from empirical 
work. The following chapters provide the background to the work. The theoretical and summaries 
of the empirical work are contained within Volume I o f the thesis. The work — including these 
literature reviews — contained in this Volume is a useful indication o f the thinking behind the project 
work whilst Volume I contains the ‘finished product’ in other words, the conclusions and 
knowledge that has resulted from this work.
’ Thinking on the subject of incrementalism has changed since writing this document.
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Volume II — Sakhalin case study
2.1 Summary
2 .1  S u m m a r y
Sakhalin Energy Investment Company (SEIC) Ltd. is constructing a Liquefied Natural Gas (LNG) 
facility along the south coast o f Sakhalin, Russia. The involvement with this project was initially to 
study the local labour force and identify specific skills, occupations and the extent to which local 
human resources would be available for the project. It focuses on one aspect o f the process cycle 
(production) and reflects the aim of the EngD project to approach the issues from a life cycle 
perspective. Demographic information was collected along with information on the manpower 
requirements o f operational facilities. This data was intended to provide the basic data needed to 
assess the impact of the project on the local labour market and to assist in developing a local 
employment and training programme. The local labour force inventory could then be matched 
against the project requirements to assess the extent that these demands could be met by local 
sources.
The Research Engineer produced a literature review on aU previous cases where work o f a similar 
nature had been undertaken by industry and the lessons learned were highlighted. Stakeholder 
identification and engagement was carried out in Sakhalin by a qualified social scientist from the 
Shell Group.
Chapter 2.2 outlines background information on Sakhalin.
Chapter 2.3 is the literature review that was undertaken to identify the major issues that resulted 
from employment issues regarding the petroleum and mining industry. Two major points for 
consideration were established; one was heightened expectation regarding employment prospects. 
It was also identified that open, honest and especially responsive consultation has assisted a number 
o f projects when dealing with relations with surrounding communities (Voges, Galkina & 
Cunningham, 2000). The peak requirement for employment within the LNG construction is 5,500 
workers and that of the upstream has been estimated at 4,500. Based on data from the Regional 
Centre o f Social and Economic Research of the Sakhalin State University study (who were 
commissioned to undertake part o f the work to develop the baseline o f available labour and skills) 
and the Sakhalin Administration the conclusion is reached that an estimated 6,000 workers from 
major Sakhalin companies have the skills required to construct the pipeline and LN G plant. 
Sakhalin Energy Investment Company (SEIC) is unlikely to obtain more than 3,000 o f the workers 
due to the demands o f the Sakhalin economy during the construction period. Findings o f the 
research are that keeping in mind the demand for 13,000 workers the current forecast is that SEIC 
win need to bring in at least 10,000 workers from outside the island to complete the Sakhalin II 
project, 6,000 o f which will be required for LNG constmction. Actively targeting the unemployed, 
the latently unemployed and workers in smaller companies together with significant investment in 
training the LNG can reduce requirement of 6,000 workers to 3,750 or half of the cumulative work 
force. Once these figures had been identified, investigation into the impact the numbers would 
have on the surrounding communities could begin. Figure 2.1 is a map of the Sakhalin region.
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Figure 2.1 : Map of the Sakhalin Region
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The majority of people with the required skills for construction are concentrated in Yuzhno- 
Sakhalinsk and Korsakov. Both these areas are in the vicinity of the plant and if workers can be 
recmited from this area a number o f social issues regarding migration can, to an extent, be avoided. 
The cip  ^ (district) employment services have information on the number of unemployed people 
searching for jobs and have data on the skills and qualifications of these people. Relevant members 
of the company are advised to enter into an agreement with the employment centres to secure their 
assistance in the recruitment of local constmction workers. To reach the desired level of 50% local 
work force, a significant amount of training will be required. However, at this stage and without 
further inspection the only credible institution that can be actively involved in a local training 
program is the Sakhalin Alaska college. Training costs are estimated to be on the high side' and the 
possibmp’ of providing training subsidies should be discussed with the Sakhalin Administration 
because it is in their interest to upgrade the workforce to increase the fumre economic 
competitiveness o f the region. AU these issues lead to a project that is likely to have considerable 
social impact on the region. Therefore, consideration and identification of these impacts is very 
important. The development of social indicators therefore began with identification of work 
indicators.
The Research Engineer used the results from the literature review and the engagement process to 
identify the social indicators that were related specifically to work impacts; these are demonstrated 
in Figure 2.2.
The cost of upgrading and certification wiii amount to between 50.85 million and $2 million (256 persons times $3300 - $8000). 
Transportation, accommodation and catering costs will have to be added to this figure.
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The social indicators developed to date in relation to Sakhalin are restricted to working practices. A 
development to the work was that SEIC decided to implement the Sustainable Development 
Management Framework (SDMF) within their operational processes. This work provided the 
opportunip^ to assess how the SDMF was applied throughout a process operation. The Research 
Engineer was involved in the ongoing work through collation of the information on environmental, 
economic and social impacts. The information was used to form sustainability indicators detailed in 
Chapter 5 o f Volume I. The involvement with the Sakhalin project has provided a beneficial 
method of initialising the development o f indicators. It also highlighted the interactions between 
different indicators. The dotted lines on Figure 2.2 demonstrate these linkages.
Figure 2.2: A  Web of Indicators Related to Work Issues Regarding Social Impacts
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2 . 2  B a c k g r o u n d  t o S a k h a l i n ^
The work on Sakhalin is the first attempt at practical consideration o f the implementation o f social 
indicators.
2.2.1 The geography of Sakhalin
There are approximately 50 Kurile Islands, o f which Sakhalin is the largest. It is situated in the 
northern Pacific Ocean, surrounded by the Sea o f Okhotsk and the Sea o f Japan. The length o f the 
island from north to south is 948 kilometres with the greatest width being 160 kilometres and the 
smallest at 26 kilometres. The total area o f the island is 76,400 square kilometres. Mesozoic and 
Cenozoic rocks dominate the geology of the island. The risk o f oil spills in the Sea o f Okhotsk is 
significant as Sakhalin Island is one o f the most seismically active areas in Russia with the potential 
for 8.0 Richter scale earthquakes. There are very low temperatures during the winter months and a 
predominance o f snowy conditions. Ice conditions in the Sea o f Okhotsk have challenged both 
exploration and development efforts. There are often 2 metre thick ice floes^ that can move at 
speeds o f 1 metre per second. In the summer, the ocean drives mist and drizzle to the island. 
However, the sea round the island is rich in marine organisms and these provide the means o f 
subsistence for the indigenous communities. Therefore, any development within the area must 
work with these harsh conditions and ensure that damage to the indigenous communities’ means o f 
subsistence is minimised.
2.2.2 Indigenous communities
Originally there were three main ethnic groups in Sakhalin — the Nivkh people, mainly in the north 
o f the island. Grok in the central area and Ainu in the south. The minority indigenous community 
was originally the Evenk people. The ethnic groups are essentially nomadic and rely heavily on 
natural resources for subsistence. For example, the Nivkh culture is based on salmon fishing and 
sea hunting whilst Grok culture is reindeer breeding. Reindeer provide their main means o f 
transport to assist with their winter to summer transitions between inland and the coastline. Box
2.1 displays the complete range o f indigenous communities and relevant statistics taken from 1989 
Soviet census data.
2 Unfortunately, background information on Sakhalin is scarce; therefore, much of the following information was obtained form
Sakhalin Regional Museum (1996) The history of Sakhalin’ [online] http: /  / www.sakh .com / museum /eng/cont.asp [accessed 
01/ 02/ 01]
3 Ice floes -  sheets of ice, usually of variable size, floating in the sea.
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E thn ic G ro u p s  o n  S a k h a lin
Others Tatar Mordvin Nivkh
Nanay Or ok Evenk
Group %
Russian 83
Ukrainian 7
Korean 5
Belorussian 1.6
Tatar 1.5
Mordvin 0.8
Chuvash 0.36
Nivkh 0.29
Evenk 0.03
Oroch 0.03
Nanay 0.02
Others 0.02
Grok 0.02
Statistics on the Indigenous People of Sakhalin 1989 Soviet Census Data
% of total oblast 
population
total
number
speaking their 
own language
indigenous 
language retention
Nivkh 0.3% 2008 447 22%
Groch 0.03% 212 44 21%
Evenki 0.03% 188 33 18%
Nanay 0.02% 173 47 27%
Grok 0.02% 129 58 45%
2.2.3 The history of Sakhalin
The island of Sakhalin has undergone both Russian and Japanese rule between 1855 and 1945. It is 
important to briefly explain the changing, largely political background to assist in demonstrating the 
feelings of the local population that is an important consideration in the development of indicators. 
The first significant political change was in 1869 when Sakhalin was under Russian mle and a decree 
from the Tsar led to it becoming a place of penal servitude and exile. The whole island became a 
prison whose administration had limitless power over both the convicts and the few free Sakhalin 
people. In 1905 -  following defeats in the Russian Japanese War (1904-1905) -  within the terms of 
the Portsmouth Agreement, South Sakhalin was given to Japan and North Sakhalin was kept by 
Russia. This Agreement was reversed in 1945 and the period following occupation by Russians was 
chaotic. AU methods of media were banned or heavily controUed, the miUtarv  ^ and eUte of South 
SakhaUn were sent to prison camps and the Japanese were eventuaUy forced from the region. In 
total 313,000 people between 1946 and 1950 were deported to Japan. Nothing could be taken wit 
them from SakhaUn, they just received a smaU sum of money to start a new Ufe.
Russian rule had important social impUcations. The Soviet poUcies of coUectivisation and 
resettlement appeared to destroy the traditional way of Ufe of the indigenous people. It also created 
a dependency on the new forms of state-organised resource use and accompanying social changes. 
People were attracted to locate to the region from Russia with the promise of higher salaries and 
better Uving standards. However, coUapse of the Soviet State stopped this and many settlers now 
struggle to survtive. Rules for pubUc participation wUl be very different in SakhaUn due to the Soviet
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state legacy o f communities placing a greater dependence on certain bodies, such as government 
and businesses.
2.2.4 The economy of Sakhalin
The traditional Sakhalin economy is based on fish, fish-processing, forest, oil and gas industries. 
The island is the third largest producer of fish products in the Russian Far East. Seafood and 
timber are exported mostly to Japan. Since the late nineteenth century, the subsistence practices of 
the indigenous populations (fishing, hunting and reindeer herding) have increasingly had to compete 
with resource use introduced and developed by non-indigenous populations (collective farms, oü 
extraction, logging and mining. In general, the Sakhalin economy showed improved performance 
in 2000 compared to 1999\ There remains significant room for improvement. The majority o f the 
population has a very low income with an average of US$34 compared to the minimum monthly 
income calculated by the Sakhalin Administration for Labour at US$55. The percentage of 
unprofitable enterprises is high at 51.6%, a considerable amount of hope to increase the economic 
stability o f the region is placed on the oü industry.
The difficiüt Sakhalin offshore drüling conditions — due to ice depth and seismic factors — require 
expensive technologies. Therefore, Russia began tendering Sakhalin offshore leases to foreign 
consortia. The total expected volume of investment coiüd exceed US$40 billion over the next 40 
years. Companies have begun to sign the Production Sharing Agreements (PSAs), it would appear 
that the region is proving attractive to foreign investment despite recent economic problems. It is 
important that investment from oü and gas developments should be used to encourage the 
traditional industries to help counteract the fact that oü and gas provides a fairly short-term 
economic investment to the area. The traditional industries need to be encouraged to sustain 
economic growth to avoid the ‘boom and bust’ scenario.
On June 1 2000 Shell Sakhalin Holdings Business Venture (Shell Group) and Marathon Sakhalin 
Limited (Marathon) signed a non-binding letter of intent to transfer Marathon’s 37.5% interest in 
Sakhalin Energy Investment Company (SEIC) Limited to Shell, which already held 25% o f SEIC. 
SheU therefore, became the operator responsible for providing the upstream and LNG services to 
SEIC.
2.2.5 Employment within Sakhalin
During the first half o f 2000 the population declined by 18.7% compared to the same period in 
1999. In September 2000 the popiüation o f Sakhalin was 593.9 thousand, with the total size o f the 
labour force at approximately 50% of aü inhabitants. Women constitute 66.6% of the unemployed, 
with young people (aged 16 to 29) at 30.8%. It is important to maintain a consistency to wage levels 
associated with the oü and gas industries, with boundaries that are preferably not excessively above 
traditional industries. Otherwise there is the danger o f migration away from the traditional 
industries that would exacerbate the ‘boom and bust’ scenario that could occur.
However, 1999 may not be the best comparison because there was a financial crises in 1998.
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Excessive wage increases can also lead to increased levels o f alcoholism and crime within an area 
and other social issues. The PSA legislation that the petroleum industry wiU operate under dictate 
that best effort must be made to utilise Russian content. There is apparently a great deal o f local 
employment with arrival o f petroleum companies. The use of local employment is advisable not 
just to stabilise economic conditions of the region. The area is considered as being ‘beyond remote’ 
with a poor quality of life. The oil companies are seeking 70% local content in project 
development. This will bring investment to local communities and help sustain economic growth 
of the area and introduce ‘western’ business practices to the Sakhalin industries.
In June 2000 the number o f employees o f enterprises and organisations in the region was 198,200 
people, that is 33.1% of the total population. Permanent employees working in big and medium­
sized enterprises and organisations constitute 157,300 people or 77.5%. People employed under 
service agreements and labour contracts constitute about 9,200 people. Table 2.1 shows the 
number of jobs in different branches of the economy.
Table 2.1: Number of Jobs Demonstrated Branches O f Economy
including:
Description Total
employed
Permanent
employees
People 
employed 
under service 
agreements
People 
employed 
under labour 
contracts
Total employed 
in economy
162932 153752 2062 7120
including:
Industry 37929 3612 200 1609
Agriculture 9973 9055 7 911
Transport 16119 15430 59 630
Communication 5285 5047 39 199
Construction 6012 5423 56 276
Forestry 2145 1990 6 149
Others 85469 113195 1695 3346
In June 2000 the figures for unemployed registered at the Employment Agency Service are 9,900, 
with 8,200 of them being ranked as unemployed. The figure for the permanent population in July 
2000 is 594,900 people with a reduction o f 3,100 people in the January to June period o f 2000. 
Migration o f the population (outside the region) remains the main factor o f population reduction. 
The Sakhalin project can, therefore, be seen as possibly becoming the cornerstone o f the island’s 
future socio-economic development. It wiU hopefully contribute towards reducing the migration o f 
the population outside of the region.
2.2.6 The infrastructure o f Sakhalin
Sakhalin Island needs a re-vamping of almost its entire transportation and public utility 
infrastructure. Government revenues from the Sakhalin projects — it is hoped — should make much 
of this possible. There are a number of key concerns regarding the local infrastructure that require 
attention. The quality o f the drinking water needs to be improved significantly to meet required
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standards. Air pollution is a serious problem, which is exacerbated by frequent temperature 
inversions over the capital, Yuzhno-Sakhalinsk in winter. Domestic waste processing and recycling 
are not practiced within the region. AH of these factors offer a significant opportunity for the 
companies entering the area to make significant improvements to the local community’s quality of 
life.
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2 .3  E i t e r a t u r e  r e v i e w  o f  s i m i l a r  p r o j e c t s
Completed in October 2000
This work was undertaken for the Sakhalin II project, the construction o f a LNG plant. The focus 
is an investigation into the labour situation o f project activities. The following sections outline the 
possible issues that should be taken into consideration. This is done through reference to case 
studies o f the performance o f similar projects undertaken throughout the world. The case studies 
are undertaken not to provide an answer, but merely to present an initial guide to some of the 
considerations that wiU be required in undertaking an assessment o f the labour requirements o f the 
region.
The sustainability o f any major project must be underpinned by an effective long-term programme 
that will enhance ‘social capital'’ within communities that will interact with the development. It is 
important to state here that Shell cannot ‘deliver’ social capital; it can play a part in promoting and 
facilitating the development o f social capital amongst the communities concerned. One o f the key 
considerations in this respect is the effect the project wiU have on labour issues o f the region.
Most o f the reports produced by Shell that include the consideration o f labour issues refer to them 
as “socio-economic impacts”. The consideration o f these impacts is usually done within the social 
impact assessment (SIA) or environmental impact assessment (EIA) process with a limited level of 
detail (as demonstrated in Arthur D. Little, 1999). The issues that should be included when dealing 
with socio-economic considerations are given as:
Direct employment;
Indirect employment;
Wage levels;
Changes in socio-economic status;
Purchasing o f local/regional/national supplies;
Revenue in the form of royalties and taxes at the local, district and national levels and associated 
impacts on public spending;
Fundamental changes to economic structure (Shell HSE Manual, 1996).
5 Social capital is the term used to describe the mechanisms and attributes by which a community interacts within itself to utilise its 
social assets to the well-being (i.e. development, enhancement and benefit) of the community as a whole.
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It is important not to purely focus on local labour issues; imported labour can also have important 
impacts on the local community that should be identified. Some of the most important 
consequences o f imported labour can be presented as:
• The local population is deprived o f an important economic opportunity for increasing their 
income and livelihood. The local population feels alienated from the project, cannot understand 
project aims and progress and cannot appreciate its significance both regionally and nationally. 
The project underestimates or neglects the contribution that local knowledge and practices 
could bring to project activities;
•  Incomers to the region threaten the indigenous communities’ control over their land and 
environment;
•  Non-local workers have difficulty in establishing positive relationships with the local population. 
Living conditions o f non-local workers often tend to be stressful; remote from their families and 
often confined to camps or new “boom towns”. Low morale, alcoholism, prostitution and 
gambling can become current and destructive features o f their lives;
• Non-local workers are often followed by incomers aiming to set up new economic activities in 
the region in response to the newly created demand by non-local workers. Conflicts between 
local peoples and incomers jeopardise the livelihood, as well as the natural and social 
environments of local people;
•  New settlers are often also attracted by roads opened for access to the site, or the perceived 
potential o f increased employment opportunities (Shell Prospecting and Development, 1996).
It is important, therefore, to consider aU aspects of the working force, the locals and the incomers. 
With the previous issues in mind this report has been designed to focus on the relevant labour 
issues (as indicated by the chapter headings), incorporating both positive and negative impacts. A 
number of the case studies have come from the mining industry as to date, there is a limited number 
within the petroleum industry, and therefore, it was necessary to include examples from alternative, 
but related, industry types.
2.3.1 Expectation of local community
In studying reports o f projects that have dealt with the labour issue in some detail, it is apparent that 
one o f the major issues is an over-expectation o f the employment prospects associated with such 
large-scale projects. One o f the key factors affecting this over-expectation is due to the uneven 
levels and types of employment required by projects typically associated with LNG sites. This was 
identified with the Camisea project (Shell Prospecting and Development, 1996) when concerns were 
expressed during the community consultation process. At the Camisea project the local community 
expressed preference for the following types o f employment:
• As motorists and prow-men;
• As lumberjacks and timber merchants;
45
Volume II — Sakhalin case study
2.3 Nterature review of similar projects
• As suppliers o f agricultural products, poultry and fishing products at the regional price (ERM, 
199^L
These job types are specific to the region o f Camisea; however, they are useful in identifying that the 
local community placed emphasis on their opportunity for employment arising from more indirect 
sources. Some impression o f the amount o f indirect jobs that are likely to arise from the Sakhalin 
project would therefore be o f benefit. However, it is advisable to keep these figures confidential to 
avoid publication, which could heighten the expectation o f the local community. During 
consultation within the Chad export project it became clear that residents had unrealistically high 
expectations regarding the number o f jobs to be generated by the project. These high expectations, 
when ultimately unmet by reality, had the potential to undermine the project’s level o f support in 
project area communities. In addition there was a danger that high expectations could motivate 
people to migrate into the project area in hopes o f obtaining non-existent jobs (Shell, 1998).
The Nigerian LNG project (NLNG) (Steve OUereamshaw, 2000) is the biggest single project in 
Nigeria and is erroneously expected by many Nigerians to generate large numbers of jobs. Part of 
NLNG’s public relation effort involved explaining to people why this could not be so. There are 
no more than a few hundred direct jobs available, however, this has not stopped people from 
applying. Even without advertising (other than for particular positions), over 80,000 people have 
written asking for employment. Some 8,000 o f those who meet the minimum qualifications have 
been given aptitude tests. This phenomenon of people applying for jobs without direct 
advertisement has happened on a number o f other occasions with a close relationship with issues 
over migration. For example, the Chad export project (Shell, 1998) used the project’s Public 
Information Campaign to include information to discourage potential migration. This was due to 
the fact that concern was expressed during consultation that a potential influx o f migratory workers 
in the oilfield development area could result in negative socio-economic impacts. Some attempt to 
control this impact is therefore advisable, such as public advertisement o f the lack o f jobs that will 
be offered to those outside the immediate community o f the project area. When advertising for 
specific jobs outside the project area it should be emphasised that only an individual with relevant 
skills should apply.
During the latter half o f the twentieth century northern Canada saw a number o f important 
ventures involving the mining o f metallic ores in very remote areas, often adjacent to existing 
indigenous settlements. In the earlier developments such as that at Rankin Inlet, there was little 
attempt to recognise either that there would be a social impact, or that steps should be taken to 
ensure that indigenous people gained some economic benefit from the enterprise. Economic 
opportunities were limited, both because o f the nature o f the work but also because o f the lack o f 
access between the mine and the local communities. In general, people felt that the mining 
company involved had failed to listen to them (Young, 1995). Some degree o f stakeholder 
involvement is therefore essential to a project such as Sakhalin to ensure cohesion between the 
workers and local community.
2.3.2 Traditional labour
Where consultation with the local community has occurred within projects one o f the common 
themes was how people could benefit from the project. A common query was how it would be 
possible for individuals to supply goods to the project to generate income from sales. It is
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important to explore alternatives to decide how the project could best support the local economy by 
using locals as suppliers. In Chad, for example, the research institute CIRAD was consulted on how 
vegetables could be supplied by locals to the project. New policies have been instituted as a result. 
The project, overall, has made a commitment to buy locally, depending on schedule, deliverabüity, 
cost and quality o f the products (Shell, 1998). The Camisea project also identified the possibility of 
some secondary stimulation o f local trade and markets, which would benefit the indigenous 
populations. This would occur through an increase in demand for local goods, an increase in trade 
activities and the increase in demand for manufacturing goods such as clothing, tools and food 
(ERM, 1996). The use o f local products and services also assists in fostering a positive relationship 
between the local population and the project (Shell Prospecting and Development, 1996).
It is also important to support local trade, as demonstrated by the economy of a settlement that was 
based primarily on shrimp fishing and associated industries. In the 1950’s and 1960’s new 
opportunities were provided by the offshore oil industry. When oil prices collapsed in the 1980s the 
economy could not return to the shrimp industry because processing factories had gone out of 
business and shrimp fishing equipment and boats had been allowed to decay (Shell HSE Manual,
1996). This was also an issue with a project in Tarfaya where there was a concern that the locals 
would find employment within the project more attractive than fishing (for economic, social or 
other reasons) and that there could be a problem with abandonment o f fishing. This would have 
immediately severely dislocated the community and left it extremely vulnerable, especially upon 
termination o f the project (Shell, 1986).
In association with concerns over the termination o f the project, Tarfaya sought to employ a small 
number of around 5-10% of workers from the local community. They decided it would be 
desirable to ensure that families that provide workers should not provide more than one worker per 
family. This was intended to distribute resources evenly into the community, and ensured that any 
given family did not become too dependent on the project and, therefore, highly vulnerable to 
termination of the project (Shell, 1986).
Local employment when effectively managed can contribute to community strengthening and local 
appropriation o f project activities, thereby increasing livelihood levels whilst at the same time 
controlling the impact o f incomers in the region. It is possible, therefore, for the inclusion o f the 
local community within the workforce to have a positive effect. Certain activities could conceivably 
employ a large number o f locals, however, the employment period is likely to be o f a short duration 
and can be disruptive to the community in the long run. On the other hand, a focused training 
programme could lead to the creation o f an appropriate stock o f skilled workers with a long-term 
attachment to the project. In both cases, inflow of transient workers should be restricted to the 
rninimum feasible and tightly controlled (ERM, 1996). To attempt to balance impacts over the 
termination o f the project in Camisea, mitigation measures were recommended for employment and 
income generation in the short and long-term.
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Table 2.2: Recommended Mitigation Measures for Short and l^ng Term Employment Opportunities (ERM,
Short and long term
employment
opportunities
Measures will be taken to maximise opportunities for the 
involvement o f locals in skilled and semi-skilled work 
(for example tree-feUing and sawing);
Technical training shall be provided for local employees 
where possible (although this is really a long-term 
activity);
Shell shall ensure that wages for native workers are 
equivalent to what would have been paid to workers 
from outside the region doing similar work;
Shell shall encourage, over time, the purchase o f local 
produce;
In aU circumstances, the full regional price shall be paid 
for local produce; the system of pricing shall be 
transparent and implemented village-wide;
Subject to long term presence, existing agricultural 
activities may be enhanced through the provision of 
agricultural extension and training in conservation 
practice through, for example, agroforestry, subject to 
long term presence.
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In terms o f the traditional labour, the Nigerian project highlights an area where local labour can be 
used favourably. It is no secret that the Nigerian government would have like to see more local 
content, however, it is accepted that the technology of a LNG plant is sophisticated and therefore 
the amount o f parts manufactured in Nigeria is limited. Nevertheless there are some good 
opportunities, and during 1997 efforts were made to further boost the Nigerian input. A Local 
Content Plan was produced which detailed the issues and performance that could then be 
monitored by a Shareholders Committee. Some specifications in non-critical areas were relaxed to 
allow local manufacturers more scope, and certain decisions were taken - for example, aU furniture 
for the houses to be made in Nigeria (Steve OUereamshaw, 2000). This is a simUar approach to that 
taken o f many mining projects. Although comparatively few indigenous people have actuaUy been 
employed in the modem mining industry they have benefited from other employment spin-offs. 
Local business opportunities, such as working on contracts from the mining companies or 
providing goods and services, have also occurred (Young, 1995).
2.3.3 Skills base
Some idea o f the skiUs required and the skiUs avaUable is important in identifying the labour 
requirements o f the site. The Regional Institute wUl undertake much of this work as part o f the 
project for Social and Economic Studies. In terms o f skUls associated with a LNG plant, the Oman 
project had the foUowing figures that help to provide a rough estimation at this point in the project 
progression.
Table 2 3 : Tabour Figures for The Oman N N G  Froject
Area Cumulative Manpower
Storage tanks 720
Marine work 920
BuUdings 590
CivU work 1400
Mechanical and piping 2550
Electrical and instrumentation 310
Painting 370
Insulation 830
Scaffolding 430
Site preparation 260
Ground improvement 320
Temporary faciUty operations 160
Heavy Ufting 50
Construction office 400
Others 150
Total 9460
There have been a number of examples where projects have been undertaken without a sufficient 
skiUs base in the local community. The development o f the Camisea gas fields required skUls that 
were not currently available within the local communities. This did not mean local people had no
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job prospects associated with the project. There are usually plenty of unskilled jobs available. In 
Camisea local people were employed in areas such as security brigades to protect project equipment. 
This was suggested by federations in response to previous security problems experienced by Shell in 
the region (Shell Prospecting and Development, 1996).
A Shell Middle Distillate Synthesis plant was established at Bintulu in Malaysia. The plant 
developed a practice o f recruiting from the local population and other Malaysians where possible. 
O f the 330 staff employed at the plant, 244 are Malaysian and 90 per cent are recruited locally. They 
were given a year o f industrial experience at other Shell plants and then intensive training in the new 
technology at the plant (Shell HSE Manual, 1996). It is possible, therefore, to have a strong local 
labour influence within the working o f a project, however, it depends on the type and duration o f 
project as to the extent to which this can occur.
Common arguments favouring mining development in remote Canada and Australia are that these 
projects will generate significant employment for the existing resident populations. However, most 
evidence suggests otherwise. A 1987 study showed that in Western Australia the average indigenous 
employment was less than 1 per cent. Mining companies have generally failed to keep their 
promises to employ indigenous people. They justify this by stressing that the contemporary nature 
o f the industry with its overwhelming demand for a highly skilled professional workforce precludes 
unskilled workers. Certainly this was one project’s explanation (ADM) for the small size o f their 
indigenous workforce at just 10 out o f 300 employees in 1987. It is also the conventional reason 
given for the lack o f indigenous people in any elements o f mining, which involve a degree o f 
responsibility. There have also been comments on the relegation o f indigenous workers at projects 
o f Ranger and Nabarlek to rehabilitation work in the ‘guise of employment’. This is not a new 
development and is common to mining companies in the 1960s and earlier, where indigenous 
people were viewed as inherendy incapable o f undertaking any but the most menial o f tasks. This 
may well explain apparent disinterest in working for mining groups, because the jobs which they are 
given confer no clear stake in the project and give them no lasting skills (Young, 1995), some degree 
of training can therefore be viewed as essential to encourage local employment within the Sakhalin 
project.
2.3.4 Training issues
The skilled nature o f many of the jobs associated with a LNG plant mean that some degree o f 
training is required, even if it is just in health and safety issues associated with working practices o f 
employees. There are three methods by which training can be approached defined within the 
reports that have been studied on labour assessment.
2.3.4.1 Training by Contractors
Training can be provided by contractors to increase the skill levels of employees. However, there 
wUl still need to be some construction programs that allow unskilled workers to find employment as 
demonstrated within the Chad project (Shell, 1998).
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2.3.4.2 Training B j The Company
Training within the Nigerian LNG project focuses on the fact that the company is recruiting some 
240 Nigerian staff for the Production Division, o f whom 144 are operators and technicians. Half of 
these are already receiving classroom and practical training from Shell Exploration and Production 
UK Limited and Aberdeen College, following which they wiU receive a further 3 months training at 
an existing LNG plant before moving to Bonny for further training and participation in 
commissioning activities. An additional 50 Nigerians are being recruited for the LAGOS Head 
Office before the end o f 1998 (Steve OUereamshaw, 2000). Therefore, in the case o f the Nigerian 
project the responsibility o f training faUs to the company, rather than the contractors.
Between 1980 and 1986 Dome Canmar in conjunction with GNWT, Thebacha CoUege and CEIC 
provided a training program at Tuktoyaktuk, the base community for their oU and gas operations in 
the Beaufort Sea. Esso Resources and Gulf Canada also later became involved and during the six 
years of its operations ‘Tuk Tech’, as the program was termed, trained both indigenous and non- 
indigenous, in a wide variety of skUls including office work, industrial work and work concerning 
marine operations. Dome Canmar saw Tuk Tech as the means of achieving their goal o f 20 per 
cent local employment in the workforce. However, although they did provide Uteracy support for 
the indigenous students they stiU found that for many of them the chances o f achieving the 
necessary levels o f skUls were poor. N ot surprisingly, indigenous employees therefore never 
accounted for a high proportion of the more highly skUled local labour force. It is therefore 
important to set reaUstic targets for indigenous employment with careful consideration o f the skiUs 
base (Young, 1995).
Shehtah Drilling, owned 50 per cent by Esso Resources Canada and 50 per cent by Deh Cho 
Drilling Limited (Denedeh and Metis Development Corporations), was estabUshed in 1983 to train 
indigenous staff to work as oU-drilling crew and as company managers. It was also supposed to be a 
profit-making venture. However these can be conflicting goals; as spending money on training 
undermines profits. Due to the highly competitive nature of the drilling industry these conflicts 
escalated. At the beginning, indigenous workers strove to acquire new skills because, above all, they 
valued belonging to a locally-owned company. However, later as the company paid greater 
attention to making profits, the desire for training dropped off (Young, 1995).
2.3.4.3 On The Job Training
Within the Tarfayan project the intention was for the workers, but most particularly those from the 
Tarfaya region, should receive serious on-the-job training programs. To provide them with the 
skills needed for more responsible positions in the Oil Shale project (Shell, 1986). A few recent 
secondary school graduates who were natives of Tarfaya were hired with a clear view to on-the-job- 
training (it would not be a sound idea to offer employment systematically to youths who have not 
yet finished secondary school as this might encourage school-leavers and could be criticised on such 
grounds). Transferable skills is one o f the key considerations regarding training, and issues such as 
the progression of the local economy should take place in order that once the people are skilled they 
remain within the local area even when the project is completed.
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2.3.5 Working practices
Some consideration is required o f the different working practices that can occur due to operating in 
different cultural environments. For example, in Camisea it was revealed that men require a ‘days- 
o ff  period every month, or every 45 days so that they could spend one or two weeks in their 
community in order to achieve two things: herb removal and/or farm openings and community 
works. Furthermore, they require to keep the tradition and pass on to their children their 
knowledge of their culture. The fact that the father is responsible for the education o f his male 
children had to be taken into account (ERM, 1998).
Within a report undertaken for a project in Portugal^ focus was given to the pay and pay structures 
to emphasise that they should be comparable with the practice of a good employer within the 
relevant sector o f Portugal. The benefits package including pensions and sickness arrangements was 
intended to reflect the normal practice within the country o f a good employer. The recruitment of 
permanent staff was to be based on the proven skills or potential to become skilled and technically 
qualified in the company’s work. The ultimate aim was given as providing a long-term career with 
the company. It is important that where there are organisations that represent significant groups of 
employees that the company should consult them on employee matters. It is therefore important 
that some identification o f stakeholders is undertaken in association with a project to ensure the 
relevant personnel, and outside organisations are kept informed of decisions that have an external 
effect. Safety o f employees is also o f prime importance and aU reasonable actions should be taken 
to ensure a safe working environment. The intention with the Portugal project was fixed term 
contracts, secondments and contractors to be used in order to meet workload peaks (Portugal, 
1990).
Within the ‘Strathclyde Oil Worker Survey’ it was noted that oil-related jobs provided instances of 
people receiving incomes that were substantially above the norm for people in their occupation and 
social position. Pay was well outside the range that had previously been experienced, without any 
commensurate change in occupational status. It was therefore necessary to thoroughly investigate 
the effects of such a transition on workers’ life-styles and future employment prospects. Finally, it 
was decided that recruitment had to reflect the pay stmctures o f the local community. The problem 
was highlighted that the greater the differences between the culture, language, outlook, ways o f life 
of the incomers and those in the surrounding communities, the greater the problems of 
readjustment (Mloore, 1981).
2.3.6 Migration
One of the most severe social impacts associated with petroleum development activity is associated 
with the in-migration that often follows development in areas. This issue was highlighted within the
6 This report was prepared in response to an invitation issued by the Portuguese Government in October 1990 to submit tender for 
the construction and operation of a LNG terminal and transmission pipeline. In the event however, the Consortium decided not to 
submit a tender to the Portuguese government. The Consortium took the view that the project had a large number of risks that 
were not sufficiently balanced by the rate of return.
52
Volume II -  Sakhalin case study
2 3  Nterature review of similar projects
Camisea project (ERM, 1996). Several communities during consultations expressed employment 
creation as an overriding concern and reflected the serious negative consequences that imported 
labour could produce. However, notwithstanding this, it is clear that skilled workers and Shell 
logistics contractors would need to be imported in some number (ERM, 1996). The extent to 
which in-migration is an issue typically depends on the size o f the workforce, the level o f associated 
infrastructure development and basic service provision and, most importantly, on the nature and 
degree to which the project augments access to and within the project area. Where substantial 
infrastructure development is involved (such as the construction o f new access roads and airstrips), 
the consequences for traditional community life may be serious and far-reaching. In the longer 
term, and as an overall consequence of project presence, communities may undergo cultural change 
and new (uninhabited or sparsely populated) areas become targets for inward migration. As a 
measure to minimise unwanted in-migration Shell proposed not to initiate any new means o f access 
to the Camisea area or within it.
Related to the effects o f migration are the boomtown effects that can arise as a result of:
. .uncontrolled and clandestine permanent immig'ation by people who remain ajier the end of their 
contract and who then migjot even introduce relatives close to their place of work” (ERM, 1996)
Oil was first struck at Norman Wells in the central Mackenzie Valley, 1920, but the development o f 
the field was hampered in its early years by isolation from southern markets. Constmction 
eventually began in 1982 and during this period the large influx of population quadmpled Norman 
Wells to a town o f over 1,200 people. This caused considerable anxiety among the local population.
The inevitable influx o f population associated with projects such as those involved with the mining 
industry has obvious social consequences for the resident indigenous populations. The cultural and 
social characteristics of the newcomers, their lifestyles and expectations have generally been very 
different from those o f indigenous people and resultant misunderstandings have led to conflict 
initiated from both sides. Social problems have also originated for the local communities because 
some of them, often the younger and more highly educated individuals, have wanted to adopt many 
of the practices and advantages which they perceive the newcomers to have, and this has dismpted 
traditional forms o f social control. They have also arisen because many of the incomers live in 
isolation from their own family groups and seek relationships with individuals in the indigenous 
community in ways, which are rarely permanent and usually exploitative (Young, 1995).
New mining towns have also attracted indigenous people not necessarily seeking employment but 
often because they want to use the services, or merely because o f the ‘bright lights’. Since these 
towns are not set up to cater for such groups, especially in terms o f shelter, aboriginal in-migration 
could lead to the growth o f informal settlements in the surrounding community. The growth o f 
these ‘humpy camps’ is viewed with great trepidation and strong measures are taken to prevent 
them (Young, 1995). This is also the case within the petroleum industry where it has been necessary 
to prohibit the opening o f ‘chacras’ within the project site by outside staff and workers brought into 
the project; and to ensure their total evacuation from the project area immediately that services were 
no longer required (ERM, 1996). The mining industry has also on occasion taken measures to 
impose strict supervision o f entry to the ‘new town’ (such as at Argyle), constant surveillance is used 
of the movement o f people around the mining area. However, this does artificially isolate local 
communities and working groups from each other, and obviously hinders the growth o f better 
social relationships between them. This need not always be a disadvantage. But it does little to 
promote any cross-cultural understanding, which could be o f long-term benefit (Young, 1995).
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The issue over boomtown effects is a serious consequence o f the LNG project in Nigeria. At this 
site the influx to the island o f outsiders attracted by the “honey pot” o f potential employment has 
temporarily increased the population considerably, putting strains upon local infrastructure and 
increasing prices well above the mainland. Those who do not benefit directly from the NLNG and 
Mobil projects may suffer, although the strength o f the extended family umbrella provides some 
protection. A socio-economic impact study being undertaken by the Lagos Business School will 
help to quantify the impact and identify the additional measures, which can be taken to minimise 
any negative impacts (Steve OUereamshaw, 2000).
In an attempt to assist in Chad with effects from a potential influx o f migratory workers seeking 
employment in the oUfield development area, studies have been performed by the project to 
estimate the approximate number of people expected to migrate there. The recruitment process 
also addresses the migration concern by discouraging people from going to the project site in hopes 
of employment (SheU, 1998). These are important mitigation points that should be taken into 
account in association with the SakhaUn project.
2.3.7 Interaction with surrounding communities and industries
It is unavoidable that the development o f the SakhaUn project wiU have an effect on the 
surrounding communities and environment o f the region. It is important to recognise these 
impacts (positive and negative) and manage them with the most advantageous methodology. N ot 
aU the factors are going to lead to negative impacts. The positive employment opportunities 
presented by the SheU project wiU be enhanced through a proactive approach to local community 
participation, as recognised by the Camisea project. In order to manage this issue, the surrounding 
communities o f Camisea had suggested that a ‘concentric’ employment strategy be adopted. This is 
dependent on the exact type o f employment but refers to adopting a poUcy whereby priority is given 
to the communities directly affected or closest to the project sites, passing to the more distant 
communities as appropriate (ERM, 1996).
This was also an issue for the Chad project whereby concerns were expressed during consultation 
that the local people most affected by the project work would not get their fair share o f jobs, that 
there would be significant migration to the work area by outsiders, and that hiring would not be 
done systematicaUy to ensure fairness in the process. Most o f the hiring in the construction phase 
was a function of contractors but there was a poUcy imposed to counteract the local’s concerns by 
having a “target approach” which aimed at hiring people who Uved within an hours distance o f the 
work site (SheU, 1998).
The LNG project in Nigeria had quite a different approach. It was recognised there that expatriate 
staff would be needed for plant start-up and the early years o f operations. In total, it was estimated 
that some 120 expatriates were to be employed in the year 2000, mostly SheU secondees. Being 
more expensive than Nigerians it was recognised that it was economicaUy essential to reduce their 
numbers as soon as possible (Steve OUereamshaw, 2000). After the start-up the company’s 
recruitment poUcy had the aim o f recruiting a mix o f Nigerians from aU parts o f the country, not 
focused on surrounding communities, in order to provide a broad ethnic balance. Although 
particular encouragement was given to promoting appUcations from host communities. This 
approach would depend on the cultural dimensions o f the host country and whether to employ 
purely from host communities, or whether to incorporate communities from further afield is an 
important consideration to make. In association with this decision it must be noted that other
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aspects o f work in regards to the Sakhalin project are occurring and the figures that will be required 
for projects within the area must be included in calculations to ensure an accurate representation of 
the labour available for Sakhalin II.
Some degree o f public consultation has assisted with a number of projects when dealing with 
relations with surrounding communities. This is especially in regards to the Camisea project where 
consultation with the local community assisted in acceptance of project by identifying areas where 
the project could assist the local population through the positive impacts of employment creation 
etc., and also the provision and improvement o f infrastructure such as:
• Local education centres;
• Local health centres;
• Local infrastmcture including:
o Improvement or habitation; 
o Transportation;
o Communication (SheU Prospecting and Development, 1996).
The project also allowed for recognition of the need for stakeholder engagement, including:
• Building up community cohesion as a process;
•  The need for organising activities around existing community groups;
•  The need to involve community groups;
• The need to involve NG Os (non-governmental organisations);
• The need to organise activities at a local level and relate them to people’s existing livelihoods 
(SheU Prospecting and Development, 1996).
It is possible to predict a number o f negative impacts on the socio-economic status o f the area 
through increases in inflation associated with higher levels of monetary circulation. The presence o f 
a new workforce and its associated employees in a previously remote area may lead to unwanted 
interactions between the imported workforce and the permanent population. These interactions 
may, in the medium term, lead to disputes between the project and local viUages and cause 
unnecessary aggravation as identified in association with the Camisea project (ERM, 1996).
In Tarfaya, a labour force was seen to provide some mediation between the project and the local 
community, but also was seen to channel some direct short-term financial benefits into that 
community. However, initiaUy to recruit substantial numbers o f workers locaUy means there was no 
hope o f insulating the two communities. There was also the risk o f raising unreasonably high 
expectations on the part o f the local population that the project would be unable to satisfy in the
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future, and of abruptly injecting substantial funds into the community in ways that may destabilise 
already existing social and economic relationships (SheU, 1986).
Within the mining industry there has been recognition o f the problems imposed on the local 
communities, and the incoming employees in adjusting to Ufe in remote areas and therefore 
alternative forms o f settlement have been adopted. These involve fly in/fly out basis whereby the 
workers are only present whUst on shiftwork and undertake recreational activities outside the region 
that is intended to make confUcts with local communities less likely. Operations such as these have 
more in common with off-shore oU-rigs. However Argyle employees are 95% non-indigenous and 
this mine operates on a fly in/fly out basis. ADM management have tried to provide for the 
recreational needs of their workers within the town. The workers, not surprisingly have felt 
restricted and some have taken to flshing or swimming in the surrounding country. This has led to 
conflict with local communities who have traditionaUy used the same areas. It is not always 
necessary to segregate the workers and local community. There have been a number o f examples 
were co-existence between the two groups has led to positive impacts. Jabim, was a new town 
constmcted to house the non-indigenous workforce and it had a population o f weU over 1500. It 
has become an important attraction for visitors and has blossomed into a regional centre with an 
additional important role, that of providing services for the growing number of tourists who visit 
the Kakadu National Park. The improvements to infrastructure have also assisted in the 
development o f local businesses with easier transport availability through improved roads etc. 
(Young, 1995). However, these improvements are only possible if indigenous people have access to 
the infrastmcture and are an issue that should be carefully considered in regards to Sakhalin.
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2 .4  I s s u e s  f o r  c o n s i d e r a t i o n  a s s o c i a t e d  w i t h  S a k h a l i n
' Completed in April 2001 — features in 6 month report for this period in Volume III |
It is important to ascertain the issues that have been identified by individuals external to the 
petroleum industry. Work on Sakhalin within the academic community remains limited, but there is 
a small community involved with work in the area, whose opinion and research findings cannot be 
ignored^. This chapter briefly works through the issues that have been identified to date and relate 
it to the development o f social indicators. It is looking at indicators on a broader scale than merely 
focusing on work issues. The following sections propose aspects o f social impact for consideration 
in further work on social indicators.
2.4.1 Low level of public activism and awareness of legal rights
This section has a number of levels; firsdy there is the low level o f public activism within Sakhalin 
(and Russia as a whole. There is also reduced awareness of legal rights, these points have an 
important impact on decision making processes and the attainment of the local society o f their 
“wants”. There is also the issue o f consciousness o f environmental issues by the local community 
which should be explored as the petroleum developments will have such a direct impact on natural 
resources o f the region, which could affect the public in a number o f ways.
The low level o f public activism is a legacy of the Soviet climate o f intimidation. Russia is currently 
undergoing a transition towards a more democratic style o f government and a ‘market-oriented’ 
economic development. The pressure is now on for local people to move away from a paternalistic 
relationship with the state to more independent participation in decision making processes (Wilson, 
E. 1999). There is increasing activity of some environmental and indigenous interest groups, but 
public activism remains low, and established forms o f decision making continue to predominate. 
This is an important consideration to make when dealing with the identification o f social indicators 
within an area (i.e. what the political structure o f the region is) as that wiU have direct impact on 
decision-making processes. It is unwise to use a high proportion o f qualitative indicators if 
stakeholders involved with the process are unused to being approached for their opinion, as they 
may feel uncomfortable with the situation. It could, therefore, have an impact on the number and 
type o f responses received. The legacy of the predecessor with a climate o f intimidation (and fear) 
could mean that respondents may adapt their answers to dictate what they believe is wanted to be 
heard, rather than what they consider to be the tmth. An indicator that reveals the level o f public 
activism would, therefore be o f great use. This is highlighted to a greater extent by the fact that 
experts consider the Sakhalin projects have developed against the interests o f the local communities 
and in contradiction to the original tender agreements with promised local benefits (including local 
jobs) not materialising (Wilson, E., 1999). It is important that the major companies entering the 
area do not take advantage of the local community’s requirements and that any agreements are 
executed when the process is underway. A social indicator that reflects implementation o f original
A brief explanation of each member of the academic community is included in italics after their publication details in the reference 
section.
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agreements would help to reveal the perception (whether favourable or unfavourable) o f a project’s 
working practices.
With the arrival o f the petroleum developments to the area, it can be supposed that environmental 
consciousness within the local community wiU change. There is no question that the ongoing oil 
and gas projects in Sakhalin will have a profound impact on the lives o f the Sakhalin citizens, 
economically, environmentally and socially, perhaps even politically (Akaha, T. & Vassilieva, A., 
1999). Environmental consciousness was the subject o f a public opinion survey conducted in 
Sakhalin. The same number o f respondents were secured from the following categories: NGOs, 
mass media, elementary and secondary school teachers, the business community, the Sakhalin oblast 
duma and administration (government departments), the Yuzhno-Sakhalinsk administration, 
university professors and students, and scientists. Responses can be summarised as follows^:
1. The majority expect positive benefits from petroleum developments (approximately one-third 
anticipate no benefits);
2. Benefits expected include regional economic developrnent, cheaper gas for domestic purposes 
and improved living standards;
3. A large number o f people anticipate benefits for others, not themselves. The oblast duma expect 
positive benefits for themselves, but considering their governmental positions, this can hardly be 
seen as surprising with the influx o f money that the projects will bring;
4. The majority expect negative impacts on the local populations;
5. The utmost concern is potential environmental impact;
6. A smaller (but significant) number have concerns regarding crime and exploitation o f cheap 
labour;
7. Lack of information regarding the developments is a key concern (particularly amongst the 
younger respondents), where it can combine with the issue over a lack o f trust;
8. Those who did possess adequate information regarding the projects were concerned over a lack 
of appropriate allocation o f funds for the energy resource development;
9. The majority believe that the oü and gas development projects will bring them closer to the rest 
of the world, however, a number o f people also believe that closer international ties will bring 
moral decay to the their society (Akaha, T. & Vassilieva, A., 1999).
The results o f this survey demonstrate how important it is to maintain a local population’s 
knowledge regarding a project. An indicator that reveals the level o f stakeholder engagement 
undertaken by the company would, therefore, be of use. It is important to view carefully how
For exact figures please refer to the reference document. This section is merely provided to provide a general guide to the local 
community’s views.
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citizens view internationally associated developments, as that has an important impact on the 
acceptability o f the whole process to them. An indicator that demonstrates a country’s international 
ties would be o f use, particularly in this instance.
2.4.2 Impact on natural resources
The most significant potential environmental threat from Sakhalin offshore oil and gas development 
is seen as a major oil spill from one o f the transport tankers (Steiner, R. 1999). In the 
environmental impact assessment (EIA), Sakhalin Energy suggests that the “potential o f a transport 
tanker release is classified as unlikely” (Steiner, R., 1999). A tanker spill along the coast o f Sakhalin 
would have devastating affects on the natural resources and local population of the region. Not 
least because o f the reliance local communities place on marine life for subsistence purposes. 
Additional details regarding risks and operating procedures should have been investigated within the 
EIA with strict operating standards imposed in order to minimise risks that are present (Steiner, R. 
1999). More effort should be placed on avoiding such a catastrophic incident. This certainly has 
important implications in terms of social indicators. A method of analysing the risk to the local 
population would be an important addition to the indicator framework.
2.4.3 Traditional industries
Leading on from the previous section the impact the project has on local industries (in the case of 
Sakhalin this reveals a heavy reliance on fishing, and exploitation o f natural resources) is another 
important consideration. There is the potential for devastating effects on the local fishing industry 
(plus fishermen from other areas) (Wilson, E. 1999). Support to traditional industries should be 
maximised as it is important they are not lost due to the arrival o f the short-term, high turnover 
petroleum companies. An indicator that assists in measuring and monitoring this point is very 
important.
2.4.4 Land management
Once more, as a development to the previous section the issue of land management is an important 
factor in Sakhalin. The use o f the land for traditional industry and cultural purposes is very 
important, but the issue o f land management is a poorly developed concept in the region. Many 
indigenous communities are transient settlers with no ties to the land (Wilson, E. 1999). It remains 
an issue o f vital importance to the communities, however, and loss o f land could lead to loss of 
subsistence and the failure o f traditional industries could be the outcome. It is, therefore, important 
that land use remains at a minimum. An indicator to demonstrate land take and the avoidance of 
land that could be viewed as being traditionally important for the local community, would be useful.
2.4.5 Operational difficulties o f the project to date
The main operational difficulties that have been identified to date tend to focus on the company not 
meeting the demands that were originally agreed. 6% royalty payments were due to begin at the 
start o f production, which are lower than the world average. However, SEIC is claiming back VAT
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that they paid in contradiction to their PSA. This totals a significant sum of money at US$23 
million which will be paid back out o f federal and regional royalty payments (Wilson, E. 1999). This 
is money that should have been spent on developing the needs o f the Sakhalin region. The belief 
that there is limited local employment being generated by the project is exacerbated by the fact that 
incoming workers are being kept separate to the indigenous population and are, therefore, not 
contributing to the local economy (Wilson, E. 1999). Segregation assists with minimising the social 
impacts on the region that the migrant workers may present, but does also limit the economic 
interaction which society could benefit from. A careful balance could be struck, perhaps by the 
admission o f local traders into the worker’s area in order to develop economic interaction.
Standards that have been applied on operational procedures in countries like the United States, have 
not necessarily been undertaken as yet by the Russian and Japanese governments. For example, the 
US has certain standards on vessel construction that minimise risks o f oil spills, these standards 
should be introduced on Sakhalin operational procedures as soon as possible (Steiner, R., 1999). An 
indicator that details where any standards have been exceeded by a company’s operation would be 
very important, especially when operation is occurring in such a high risk environment as the 
petroleum sector.
2.4.6 Summary of consideration for Sakhalin indicators
Using the information that has been identified by members o f the academic community it is 
possible to develop a list o f indicator subject areas that should be included within a web of 
indicators (Sakhalin has been used as a case study, but the issues raised are likely to be reflective o f a 
range of projects). The indicator subject areas that have been identified within the previous sections 
can, therefore, be summarised as follows:
Low Level o f Public Activism and Awareness o f Legal Rights
•  Indicator(s) to reveal the level o f public activism within an area;
• Indicator(s) to reveal implementation o f original agreements between the company and the local
community;
•  Indicator(s) to reveal the level of stakeholder engagement associated with the project;
• Indicator(s) to reveal the extent of international ties o f a country;
Impact on Natural Resources
• Indicator(s) to reveal the risks imposed by a project on the local population (i.e. through loss of 
natural resources).
Traditional Industries
• Indicator(s) to reveal the level of support to local industries.
Land Management
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• Indicator(s) to reveal the local community’s requirements on land take;
• Indicator(s) to reveal the level of land take and state of land management by the company. 
Operational Difficulties
• Indicator(s) to reveal the level of interaction between the migrant and indigenous population;
• Indicator(s) to reveal the level of operational difficulties experienced by the project.
The next stage of development in regards to this work on Sakhalin will, therefore, be to consider 
these issues in greater detail and ensure that these aspects are taken into account when dealing with 
further developments to the generic list of indicators. The final Hst is included in Chapter V of 
Volume I. The working indicators were identified as:
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2 . 5  O v e r v i e w  o f  r e c o m m e n d a t i o n s  f r o m  w o r k  on S a k h a l i n
I The work undertaken for Sakhalin by the research engineer is included in a main i 
j report that was submitted for the Sakhalin management team. The following is i
i the summary from the document that was written by Ian Voges, Maria Galkina i
and Bryony Cunningham I
The central objective o f this study is to assess the labour situation on Sakhalin Island in relation to 
the second phase o f the Sakhalin-2 project and to provide the LNG project management team with 
options for managing the issues highlighted in the assessment. A literature review was undertaken 
to identify the major issues related to constmction employment which highlighted heightened 
expectations, regarding the employment prospects associated with large scale projects, are one of 
the main issues that need to be managed. It was also highlighted that open, honest and especially 
responsive consultation has assisted a number of projects when dealing with relations with 
surrounding communities.
The Sakhalin project will require a cumulative labour force o f roughly 13, 000 workers of which 7, 
500 are required for LNG constmction and 5, 500 for constmcting the pipeline and related 
upstream facilities. The peak requirement for LNG constmction is 5, 500 workers and that o f the 
upstream has been estimated at 4, 500. Based on data from a Sakhalin State University smdy and 
the Sakhalin Administration the conclusion is reached that an estimated 6, 000 workers from major 
Sakhalin companies have the skills required to constmct the pipeline and LNG plant. Sakhalin 
Energy Investment Company (SEIC) is unlikely to obtain more than 3, 000 o f the workers due to 
the demands o f the Sakhalin economy during the constmction period. Keeping in mind the 
demand for 13, 000 workers the current forecast is that SEIC wiU need to bring in at least 10, 000 
workers from outside the island to complete the Sakhalin-2 project, 6, 000 o f which wiU be required 
for LNG constmction. By actively targeting the unemployed, the latently unemployed and workers 
in smaUer companies together with significant investment in training the LNG requirement o f 6,000 
workers can be reduced to 3, 750 or half of the cumulative work force.
The majority o f people with the required skiUs for constmction are concentrated in Yuzhno- 
SakhaUnsk and Korsakov. Both these areas are in the vicinity o f the plant and if workers can be 
recruited from this area a number of social issues regarding migration can, to an extent be avoided. 
The city (district) employment services have information on the amount of unemployed people 
searching for jobs and have data on the skiUs and quaUfications o f these people. The EPC 
contractor is advised to enter into an agreement with the employment centres to secure their 
assistance in the recruitment of local constmction workers.
In order to reach a local work force level of 50% significant training wiU be required. However, at 
this stage and without further inspection the only credible local instimtion that can be actively 
involved in a local training program is the SakhaUn Alaska coUege. This instimtion’s close ties with 
the Alaska University opens the possibiUty for training Russian trainers in Alaska and to then bring 
them back to conduct training as was done by SEIC for the first phase o f the SakhaUn-2 
development. Although there are other local institutions such as Tehinkom and the Fuel and 
Energy school that can provide training it is unclear whether they wiU deUver skUled workers o f the 
desired standard. If  these instimtions are used for training and they wiU most probably need to be, 
it wUl be necessary to invest in equipment first and to retrain the trainers. The EPC contractor wUl 
need to manage training and exercise quaUty control over the training process.
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Training costs are estimated to be on the high side and possibility o f providing training subsidies 
should be discussed with the Sakhalin Administration because it is in their interest to upgrade the 
work force to increase the future economic competitiveness of the region. It should be added that 
under the Production Sharing Agreement SEIC have already contributed $60 million to the Sakhalin 
Development Fund that is managed by the Sakhalin Administration and wiU contribute in the 
region o f $100,000,000 during the life o f the Sakhalin-2 project.
In order to enhance the level of local employment in the constmction force training and local 
employment need to be included as part o f the criteria for selecting an EPC contractor. It is 
suggested to include in the Invitation to Bid a request that potential contractors should include in 
their execution proposal their proposal for local employment enhancement and training together 
with a budget for executing the proposal. The final contract with the EPC contractor should 
amongst other things contain crystal clear local employment and training targets that are directly 
linked to an incentive system.
The Sakhalin labour market is not able to provide sufficient number o f skilled workers and one 
route to ensure the desired Russian content is to utilise labour resources o f the Russian Far East 
(Primorsky Krai and Khabarovsk Krai). It seems that the only way to address the reluctance o f 
some of the managers o f Far Eastern enterprises to send their qualified employees to Sakhalin will 
be to provide financial incentives.
The economic impact o f LNG constmction is also considered in the smdy. Implementation o f the 
LNG project is likely to have a positive impact on the economy of the Sakhalin region: increasing 
the gross domestic product, payment balance, revenues to the local budget, employees’ income and 
creation o f new and preservation o f existing jobs. The basic parameters o f cumulative project 
efficiency are shown below:
• LNG constmction project will generate 7, 500 new jobs in the Sakhalin region;
• Constmction wages will be among the highest on the island;
• A significant “multiplier effect” - employees will use their wages to buy goods and services that 
will create new jobs to meet the increase in demand.
The basic economic parameters o f cumulative project efficiency over the constmction period (with 
a multiplier coefficient of 2,9) are shown below:
• The project will generate an increase in payroll fund o f $43 million for directly employed 
workers if 50% of the workers are locals and $43.5 million for the Sakhalin indirectly employed 
population.
•  Project-induced employment will generate an estimated $11.2 million in extra income taxes for 
the Sakhalin Region budget.
It should be noted that figures on the multiplication effect should be handled with extreme care 
because they are based on estimations and because the information can unrealistically heighten 
expectations.
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An analysis o f the depth o f the bust following the boom of the construction indicates that there are 
a number of oil and gas developments and potential public infrastmcture projects on the table that 
might be able to utilise constmction workers after constmction o f the second phase o f Skhalin-2 
has been completed. The evidence is not conclusive to predict a smooth landing after the boom of 
constmction but it looks as if the economy of the island is not going to bottom out after 
constmction as long as oü prices remain above $14 per barrel.
The most important way to mitigate the effect of a bust on individual construction workers is to
make it absolutely clear when they are hired that the job is temporary and to specify the duration o f 
the job. SEIC can also contribute to the re-employment o f constmction workers by operating an 
employment information office on-site at the end of peak constmction that is operated by a person 
who follows labour market developments and maintains contact detaüs o f potential employees.
This smdy is the result o f a two month long SheU Global Solutions engagement with the SakhaUn 
Energy Investment Company (SEIC). SEIC is a joint venmre between SheU, Mitsui and Mitsubishi 
for the exploitation o f oU and gas off the coast o f Sakhalin Island in the Russian Far East. As part 
o f the next phase o f the Sakhalin-2 project, the company plans to invest $6 biUion in the 
constmction o f a Liquefied Namral Gas (LNG) plant and upstream faciUties o f which constmction 
is currently planned to commence in 2002. SEIC’s Production Sharing Agreement with the Russian 
Party to the project requires that SEIC shaU use its best efforts to maximise Russian content and to 
achieve a level of Russian content of 70% during the Ufe o f the entire SakhaUn-2 project. The 
Russian Party to the project and the regional government o f Sakhalin expects an even higher level o f 
Russian labour to be employed during the planned constmction period and the regional government 
of SakhaUn wUl particularly welcome the engagement of a high level o f local SakhaUn labour. With 
this in mind the HSE consultancy o f SheU Global Solutions was asked to conduct a labour 
assessment for the next phase o f the SakhaUn-2 project with specific emphasis on the avaUabiUty o f 
local SakhaUn labour for the constmction o f the LNG plant.
The location of the LNG plant is a greenfield site on the southernmost shore o f SakhaUn Island
which is a long, narrow island off the coast o f Siberia. The island is orientated north to south and is 
simated between 47° and 55° north latitude. Its overaU length is about 950 km and its average 
width is about 100 km. OU and gas from the offshore PUtun-Astokhskoye and Lunskoye fields on 
the north wiU be transported by two 600km pipelines to the oU export terminal (GET) and LNG 
plant in the south. The LNG site is located along the coast o f Aniva Bay, at Prigorodnoye about 13 
km east east o f the town Korsakov and 53 km south o f the capital city Yuzhno-SakhaUnsk. The 
design scope o f the LNG plant is based on air-cooUng with associated LNG, LPG and refrigerant 
storage and loading, utUities and general faciUties. Constmction o f the LNG plant is planned to 
commence in June 2002 and wiU require an estimated cumulative labour force o f 7,500 people over 
four years with 5,500 people being employed during peak constmction.
In view of the above the central objective o f this smdy is to assess the labour simation on SakhaUn 
Island in relation to the SakhaUn-2 project and to provide the LNG project management team with 
options for managing the issues highUghted in the assessment. More specificaUy the smdy wiU:
•  EstabUsh a labour baseUne by mapping the local avaüabUity o f labour and skiUs for constructing 
an LNG plant;
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• Describe the gap between the baseline and the projected labour and skills requirement of the 
LNG project;
• Identify the options for closing the gap between available and required labour and highlight the 
risks and opportunities associated with these options;
•  Analyse the social impact o f construction and the issues that need to be considered when 
developing a labour strategy;
Analyse the economic impact o f LNG construction.
2.5.1 The Labour Situation On Sakhalin
The Regional Centre o f Social and Economic Research o f the Sakhalin State University (SSU) was 
commissioned for the putrpose o f this study to develop the baseline o f available labour and skills. 
To support them in this task a list o f skills and the associated number o f workers per skill was 
developed and it became apparent that a cumulative labour force of roughly 7,500 workers will be 
required and that constmction activities wiU require 5,500 workers at the peak. In their final report 
the SSU notes that official Sakhalin statistical data is not reliable and that official data often contain 
contradictory and inaccurate information that makes it difficult to come to scientifically well- 
grounded and reliable conclusions on the issues examined. In order to obtain maximum reliable 
information on the quantitative and qualitative characteristics o f the available Sakhalin work force 
they employed the sociological method of “expert interviewing”. Groups o f interviewers were sent 
to aU regions o f Sakhalin with the target to interview all the companies in the region with workers 
that have the skills needed for constmction. The heads o f organisations and enterprises served as 
the expert interviewees and when they were not available the personnel managers or chief specialists 
served the expert function.
Expert interviews were carried out in Okha, NogHki, Alexandrovsk-Sakhalinsky, Uglegorsk, 
Tomary, Kholmsk, Nevels, Timovsk, Smirnikh, Poronaisk, Makarov, DoHnsk, Aniva, Korsakov 
Districts and in Yuzhno-Sakhalinsk. Various regions vary in the number o f companies that are 
located in the region. For example in Alexandrovsk-Sakhalinsky, Tomary and Makarov Districts, 
where the economic simation is the most depressed there were not many companies the interviewer 
group was interested in. In NogHki District and the Regional Centre the simation is quite different. 
The majority of organisations that were o f major interest for the authors o f the SSU report were 
concentrated in Yuzhno-Sakhalinsk.
Interviews were also held with the Heads o f the City (Regional) division o f the Federal Employment 
Service o f each District o f SakhaHn and one o f the SakhaHn Duma deputies was interviewed who is 
an expert in the economy of the central part o f the island. In total 1120 experts representing 
various enterprises and organisations and 16 Heads o f Employment Services were interviewed.
During the interviews it was found that workers with the skills required for constmction were 
available in 581 companies and the overaU results o f the interviews can be seen in Table 2.4. The 
first column contains the different skills required and the second column the number o f skills 
required for LNG constmction. When interpreting the table as a whole it should be kept in mind 
that the interviewers interviewed all kinds o f companies and organisations who might employ
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workers with the required skills. The third column “labour available in Sakhalin” therefore contains 
the overall number o f skilled workers in Sakhalin irrespective o f where they work. The column is 
not the one containing the figures on which to base a labour assessment because it will reflect 
workers who wiU not be available for LNG construction, such as, for example the mechanic who 
works for the hospital or the local second hand car dealer. The fourth column “Labour power that 
can be utilised for LNG construction contains the data on which to base an assessment. In this 
column the data gathered from companies that can conceivably be involved in construction are 
provided. These companies include those operating in the constmction sector, oil and gas, power 
generation and other specialised companies that can be involved in constmction.
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Table 2.4: Tahour Available In Sakhalin ForLNG Construction
Labour required by the 
company
Labour available in 
Sakhalin
Labour power which can be 
utiiised for LNG construction
Mechanical crafts
Pipe fitters 406 495 106
Pipe welders 406 1647 769
Riggers 406 262 94
Semi-skilled labourers 406 1198 160
Mechanics 400 1495 248
Foreman 102 851 189
Civil
Farmworkers 420 117 42
Carpenters 420 1044 492
Rebar workers 420 230 198
Concreters 420 563 433
Surveyors 20 64 56
Structural steel erectors 100 256 237
Non-industrial builders 580 239 123
Semi-skilled labourers 110 404 132
Foreman 46 212 80
Electrical and instrumentation
Cable pullers 84 270 74
Electrical technicians 98 756 145
Instrumentation technicians^ 84 416 127
Semi-skilled labourers 7 153 33
Foreman 14 160 33
Cross-functional support
Insulator workers (including 
insulators and sheet metal workers)
581 117 99
Painters 259 592 267
Scaffolders 301 91 66
Site preparation / ground 
improvement
580 329 247
Temporary facility operators 
(electricians, sanitary teclinicians, 
operators etc.)
112 817 161
Heavy lifting 70 836 99
Crane operators 150 561 188
Construction office
(SSU interpreted this skiil as having 
experience in constructing officesi)
280 80 40
Foreman 105 150 26
Others 150 enough enough
TOTAL 7536 14405 4964
’ Under the category instrumentation technicians the SSU included two specialities, i.e. testing equipment technicians of which there 
were 63 available for construction and instrument technicians of which there were 64 available for construction.
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The SSU did not include security guards and drivers in their survey because they assumed there 
would be enough. It is seen from the findings that the supply approximately meets demand in the 
following skills:
•  Welders;
Foreman in mechanical crafts;
Carpenters;
Concreters;
Surveyors;
Stmctural steel erectors;
Semi-skilled labourers in civil construction;
Civil construction foreman;
Electrical technician;
Instmmentation /  testing equipment technicians;
Semi-skilled labourers in power supply;
Electrical and instrumentation foreman;
Temporary facilities operators;
Heavy lifting;
Crane operators;
Others.
The total demand for 13,000 workers reflects the cumulative labour requirement for constructing 
the LNG plant, which has been estimated at 7,500 workers plus the cumulative labour requirement 
for constructing the pipeline, and related upstream facilities that has been estimated at 5,500. The 
peak requirement for LNG construction is 5,500 workers and that o f the upstream has been 
estimated at 4,500. According to the survey conducted by the SSU, Sakhalin companies that can 
participate in construction of which more than half are employed by companies based in Yuzhno- 
Sakhalinsk currently employ 4964 workers. This figure excludes security guards and drivers.
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2.5.2 Economic impact
This analysis explores the economic impact associated with the construction phase in the years 
2002-2006 and does not include the impact o f the operational phase.
Unlike the other northern regions of the Russian Federation where one industry predominates, the 
Sakhalin Region has several industries involved in exploiting valuable natural resources and a 
comparatively diversified industrial base characterises the region. The dominant industries in 
industrial production are described below:
Oil and gas industry. The oil and gas industry of the Sakhalin region plays an important role in the 
overall economy of the Far East and accounts for 34.2% of the commercial output o f the Region. 
The Coal industry played the leading part in the fuel and energy sector for a long time but this 
position has now been overtaken by the oil and gas industry.
Coal industry. The share of coal in the Region’s fuel balance is currently over 60%. According to the 
Committee on Economy of the Sakhalin Region Administration, coal wiU retain its important place 
in the fuel-and-energy balance o f the Region until 2005 despite shelf development prospects and 
consequent increase in the production o f oil and natural gas. An increase in coal production would 
not only satisfy domestic consumption but make it possible to export coal from the Region. The 
potential for this primarily lays in development o f open-cut mining. There are currently 23 coal-pits 
and 4 coal-mines operating in the Region. None o f them are owned by the State.
Energy sector. The cumulative capacity o f power plants (Yuzhno-Sakhalinsk steam-electric plant 
(TETS) No. 1, Sakhalin State District Power Plant (GRES) and Okha TETS is 615 MW. In 1999, 
electric power production amounted to 2.5 billion kW /hr. The peculiar characteristic o f the energy 
system of the Sakhalin Region is its isolation from the Single Energy System o f Russia and adjacent 
Far-Eastern regions. The prospects o f development of the energy sector in the nearest future are 
linked to its conversion to the use o f gas instead o f coal.
The fishing industry o f the Sakhalin Region takes one o f the most prominent positions both in the Far 
East and in Russia. The Region’s fishing industry accounts for over 13% o f the overall volume of 
fish products generated in Russia and for 22.7% of fish products generated in the Far-Eastern 
region and takes one o f the leading positions in the Region’s economy: it accounts for 
approximately 36.4% of commercial output o f the Region’s industry. The share o f fish and sea 
products in the Region’s export is 35%. The unique reserves and diversity of marine biological 
resources of the Region attracts the interest o f Russian and foreign companies and investors. 
Approximately 600 enterprises with various patterns o f ownership operate in the fishing industry 
which provides employment for over 31 thousand individuals.
The basis of the Region’s timber industry is natural raw timber resources. The main woody species are 
spruce, fir-tree, larch and Eman’s birch. The timber industry provides industrial and social 
infrastructure in many towns and areas in the Region. It comprises logging and the pulp-and-paper 
and timber processing sectors. The prospects o f development o f the industry lie on the increased 
exportation of round timber and lumber to the countries o f the Asian-Pacific region.
69
Volume II -  Sakhalin case study
Table 2.5 represents the profits gained by organisations in the four main industries of the Sakhalin 
Region in January-June, 2000 (data provided by Sakhalin Region State Statistics Committee).
Table 2.5: Profits of four main industries of Sakhalin
Branches of economy Percentage of profit-making business 
Petroleum 50
Fishing 35.6
Coal-mining 33.3
Timber 25
The economic effects o f the LNG plant can be divided into 3 parts:
Sum of profits, US $
6,258,000
3,139,194
450,549
76.923
DIRECT: The direct effects are defined as the goods and services required for the LNG project 
itself;
INDIRECT: The indirect effects are defined as the goods and services required to provide the 
direct and other indirect requirements in goods and services. This is a cyclic process because some 
indirect effects wiU themselves generate other indirect effects;
CONSUMPTION: These are the effects generated as a result of the spending originating from the 
extra income from the jobs created as a result of the direct and indirect effects.
One of the most important benefits from LNG construction wiU be the creation of jobs. 
Employment wiU be created directly to fulfil the human resources requirements o f constmction and, 
in addition, the resulting increase in the demand for goods and services will generate jobs indirectly 
in various sectors of the local economy as an outgrowth of project spending (the “multiplier 
effect”).
The constmction jobs would require highly-trained and skilled workers, so wages wlU be generally 
higher than average. Some specialised jobs would, of necessity, be filled by workers from other
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regions o f Russia because of insufficient local availability.
2.5.3 Conclusion
Implementation o f the LNG project wiU have a positive impact on the economy o f the Sakhalin 
Region: increasing the gross domestic product, payment balance, revenues to the local budget, 
employees’ income and creation o f new and preservation o f existing jobs.
Basic economic parameters of cumulative project efficiency are shown below;
•  LNG construction project will generate 7500 new jobs in Sakhalin Region;
•  Construction wages will be among the highest on the Island;
A significant “multiplier effect” - employees will use their wages to buy goods and services, 
generating new business revenues and taxes for the local and state governments. The production 
o f goods and services wiU create new jobs to meet the increase in demand. The government will 
also hire more people and will buy goods and services from the private sector in order to meet 
increased need for government services (e.g. education, hospitals, utilities);
• Basic economic parameters o f cumulative project efficiency (with multiplier coefficient -4.45) 
are shown below:
• The project will generate an increase in the payroll fund o f $43 million over four years for 
directly employed workers if 50% of the workers are from outside and $66.8 million for the 
Sakhalin indirectly employed population.
Project-induced employment will generate an estimated $14.3 million in extra income taxes for the 
Sakhalin Region budget;
• Basic economic parameters o f cumulative project efficiency (with multiplier coefficient -2.9) are 
shown below:
•  The project wiU generate an increase in payroll fund o f $43 million for directly employed 
workers if 50% of the workers are locals and $43.5 million for the Sakhalin indirectly employed 
population.
• Project-induced employment wiU generate an estimated $11.2 million in extra income taxes for 
the Sakhalin Region budget.
An attempt to assess the depth o f the bust that usually follows the boom experienced during large 
scale oil and gas developments. This section will focus specifically on whether there is reason to 
believe that local construction workers will be able to find alternative employment after the 
completion o f construction in 2006.
71
Volume II — Sakhalin case study
2.5 Overview of recommendationsfrom work on Sakhalin
There are a number o f oil and gas developments planned on the Island. Currently more or less 
developed plans are on the table for a SakhaHn-l, Sakhalin-3, and SakhaHn-5 project. The relatively 
close fit with the skills used in the Sakhalin-2 project make these potential plans eminently suited as 
an employment opportunity for some of the skilled labour force used during constmction. 
However, the wheels o f getting a Production Sharing Agreement in place turn slowly and apart 
from the SEIC Sakhalin-2 development it is only ExxonMobil that has a Production Sharing 
Agreement in place for the Sakhalin-1 project. This project is likely to undertake constmction 
around the same time or slightly later than the planned period o f constmction for the Sakhalin-2 
project. Sakhalin-1 will therefore not necessarily present an opportunity for employing the 
constmction workers o f the Sakhalin-2 project after the completion o f constmction in 2002.
A number o f infrastructure projects are also being considered. A preliminary feasibility smdy 
related to constmcting “a power bridge” between Sakhalin and Hokkaido (Japan) has been 
prepared. The project is one o f the high profile projects ever undertaken in the in the field of 
power generation. The project will consist o f the constmction o f a 4000-Megawatt power station 
close to Vakhrushevo. As part o f the scope o f this project 400 km of surface electricity 
transmission lines wiU be laid along the Pacific coast, 1400 km of subsurface lines on the ocean floor 
and 3 convector stations (one in Sakhalin) will be budt. The total value o f the project amounts to 
9,600 million US Dollars. Implementation will start in 2010 and the project will require significant 
manpower. Another labour intensive project being discussed is a transport bridge to connect 
Sakhalin with the main land. However, the implementation o f both projects will depend on a 
number o f economic and political factors.
The first thing that should be mentioned in this regard is that there is currently no long-term 
program for the economic development o f Sakhalin in place. The last document o f the kind was 
adopted in August 1997. At present the departments o f Sakhalin Administration are working on 
four-year programs for industrial development, which are expected to be adopted by the beginning 
o f 2001.
The Sakhalin State University has analysed the regional program “Stabilization and Economical 
Growth o f Sakhalin Oblast in 1997-2000” which was developed and accepted in August, 1997 
(resolution No. 336 issued by Sakhalin Regional Governor and dated August 11, 1997). This 
program stipulated laying a gas pipeline towards the south o f the island, completing the second 
constmction phase o f a steam electric plant (OYÔ-1) in Yuzhno-Sakhalinsk and the constmction of 
a hydroelectric power station (ÂDYN-2) o f 345-Mwatt on Sakhalin island. However, due to a lack 
of financial, material and technical resources this program had not been implemented and shows 
that long-term planning under the current economic conditions o f Sakhalin Island is rather 
problematical at present. The same fate can befall the projects mentioned above that depend on 
public funding for their completion. Although public income is expected to increase as a result o f 
Sakhalin-2 it would be too bold to assume that these projects will come to fruition.
On the basis of the above it can be concluded that there are a number o f oil and gas developments 
and potential public infrastmcmre projects on the table that might be able to utilise the constmction 
workers employed for the constmction of the second phase of Sakhalin-2. The evidence is not 
conclusive to predict a smooth landing after the boom of constmction but it looks as if the 
economy of the Island is not going to bottom out completely after constmction as long as oil prices 
remain above $14 per barrel.
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Arguably the most important way to mitigate the effect o f a bust on individual constmction workers 
is to make it absolutely clear when they are hired that the job is temporary and to specify the 
duration o f the job. SEIC can also contribute to the re-employment o f constmction workers by 
operating an employment information office on-site at the end o f constmction that is operated by a 
person who follows economic developments and who maintain contacts with potential employees. 
Some of the sub-contractors can also be used during the operational phase to for example provide 
maintenance services on a contracmal basis especially because these contractors should know the 
site and its infrastmcmre.
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3 .1  S u m m a r y
The work associated with this case study was done as part o f an assessment o f sustainability of 
Rapeseed Methyl Ester (RME) biodiesel. The project focused on stakeholder concerns and includes 
a literature review and development of a stakeholder map. The work integrates with work on 
environmental and economic aspects completed by other parts of the Shell business. A great deal 
o f research has been undertaken on the environmental aspects (Altin, 2001; BABFO, 1994; 
BABFO, 1999; Kraus et al., 2000; Peterson and Hustrulid, 1998 and Reinhardt and Jungk, 2000). 
Information on stakeholder concerns was much harder to obtain. The project exposed a number of 
key points in relation to work on social indicators. In particular it highlighted the added complexity 
from the introduction o f stakeholder concerns. The Shell Group had done no previous work of 
this nature on products. To stmcture the analysis a social impact assessment (SLA) perspective was 
taken.
3.1.1 Social impact assessment (SIA)
Social impact assessment (SIA) is defined as a process that predicts the significant social effects of 
an activity (Barrow, 1997). It is intended to evaluate alternative sites, techniques, technologies and 
propose changes and management solutions. SIA helps to ensure the adverse social impacts o f an 
activity are minimised and the positive effects are enhanced. It provides benefits to the company in 
ensuring that activities run smoothly in co-operation with the local community and external 
agencies. Traditionally within the Shell Group SIA has been used to interpret social impacts at a 
process level, for example construction o f a new LNG site. However, the categories^ o f social 
impacts - that the SIA has developed - provide an effective method for introduction to management 
of the social impacts at a product level.
With demographic impact the focus is on a change in the size or lake-up o f the population. The 
principal demographic impact is migration. When dealing with RME biodiesel there is currently a 
diminishing agricultural industry that has important repercussions o the rural community. People 
are migrating from the rural areas in pursuit o f employment and improved standard o f living as mral 
income decreases. The growth o f rapeseed may be a contributory factor through increased 
employment — whether direct or indirect — and additional income to encourage the industry to 
recover from its current demise.
Socio-economic impacts o f RME biodiesel refer to the level o f employment creation, particularly 
long-term. It is important to investigate the health impact of rapeseed plantations on asthma and 
hay-fever plantations^. The impact on social infrastructure and impact on lifestyle is currently at a
' Developed by Shell Exploration and Production (EP) in the internal HSE Manual Yellow Guide: “Social Impact Assessment” EP 
95-0371. The categories are: demographic impacts, socio-economic impacts, health impacts, impacts on social infrastructure, 
impacts on natural resources, impacts on lifestyle, impacts on cultural property and social equity of impacts.
2 Impacts related to health from emissions is incorporated within the environmental work, an example of the distinction that must be 
made between social and environmental impacts to ensure avoidance of double-counting.
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theoretical stage. They require consideration o f impacts such as the migration o f people to an area 
and people’s attitude towards using RME biodiesel as opposed to conventional fuel.
The impact on cultural property refers to the use o f areas where there is an example o f cultural 
heritage, such as a burial mound. This will require individual site level attention. Site specifics o f 
each plantation and production site must take cultural aspects into account. The social equity of 
impacts requires an understanding o f the stakeholder groups that will benefit and be adversely 
affected by the introduction o f RME biodiesel. This introduced the need for stakeholder 
identification and engagement associated with the development o f social indicators.
3.1.2 Stakeholder identification
The reason for involving stakeholders within decision making processes o f organisations is due to a 
variety o f incentives (Zadek et al., 1997; Gumming, 2001). Firstly, the use o f stakeholders can be 
due to organisational decision-makers seeking to understand the perceptions and requirements that 
stakeholders have o f the organisation. The aim is to anticipate the possible effects that these 
opinions may have on future business activities. Secondly, inclusion can be due to public interest 
leading to legislative and opinion driven pressure. In the case o f RME biodiesel the driving force 
for the inclusion o f stakeholder concerns was the need for decision-makers to understand the 
associated perceptions and requirements. In addition there is evidence o f a value shift within the 
Shell Group following events associated with Brent Spar and Nigeria. The organisation is beginning 
to understand that understanding and communicating with society can assist in avoiding adverse 
impacts.
The ideal method of stakeholder identification would be one in which stakeholders identify each 
other, a reflexive identification process. However, an issue o f confidentiality limited the extent to 
which engagement with stakeholders could occur. The External Relations Department o f Shell was 
consulted for their approval of engagement with stakeholders. Their advice was not to make any 
contact with external organisations unless it was part o f a larger strategy. This had important 
repercussions on the work that could be undertaken. The balance between information gathering 
and confidentiality requirements is a problem likely to arise a number o f times when dealing with 
stakeholders.
It was at this point that it became clear that it would be useful to develop social indicators to help 
the decision-making process. I f  effectively developed the indicators could help the decision-making 
process, particularly where confidentiality issues prevail. By also incorporating relevant 
environmental and economic indicators these indicators could also work to overcome the 
complexities o f having assessment occurring in different areas o f the business.
To overcome the problems associated with the RME biodiesel case study an external party was 
employed and given the information collected by the research engineer so they could undertake the 
stakeholder engagement process to a more detailed level. They were also given a stakeholder map, 
included in Figure 3.1
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It is important to stress that the stakeholder map in Figure 3.1 does not provide the exhaustive Hst. 
It is intended to retain a degree of flexibility to allow for further changes as the project progresses. 
The stakeholder groups in Figure 3.1 are those that have been developed at a broad level. A 
number of specific stakeholder groups have been identified (42 specific groups in total). The focus 
is on the UK predominantly but where available and relevant US and other European stakeholders 
are also identified. The groups highlighted within the stakeholder map all have a degree of influence 
on, or can be affected by the production of RJME biodiesel (hence the use of double headed 
arrows). The research engineer has undertaken preliminary engagement with certain members of 
the biofuel associations and academic community. This was mainly used to obtain information and 
a clearer picture of the background to the stakeholder concerns. This information has been collated 
within a number of documents produced by the research engineer comprising a literature review, 
detailed explanation of the stakeholder map and collation of contact detail information. The 
literature and stakeholder information is contained in the following sections.
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3 . 2  E i  f e r a t  M r e r e v i e w  on s o c i a l  i m p a c t s  o f  K a p  e s e e 
M e t h y l  E s t e r  ( R M  E )  a s  a h i  o f  u e l
Completed in September 2001
3.2.1 Introduction
This work was undertaken as part o f a project on the assessment o f sustainability o f Rapeseed 
Methyl Ester (RME) biodiesel. The report is a literature review of the social impacts regarding 
development o f a RME biodiesel market. Social issues cannot be viewed in isolation; therefore, 
there is consideration o f how environmental and economic issues interact with social concerns. The 
environmental and economic facts are examined in more detail within other sections o f the project 
work.
There is a great deal o f literature available on RME biodiesel. Assessment o f its use has mostly been 
dealt with through the use o f the life cycle assessment (LCA) tool. A EGA deals with the complex 
interaction between a product and the environment. To date, the findings from the EGAs that have 
been performed have been mconclusive. There has been limited work on the social impacts. The 
qualitative and sociological requirement for the inclusion o f social impacts means it is often avoided. 
The sustainability o f today’s organisations is dependent on management o f social impacts (as risk 
communication incidents such as Brent Spar and the problems of Monsanto highlight). 
Gonsideration of the social impacts may be difficult, but should not be avoided. The purpose o f 
this report is to provide a generic overview to become a baseline for future detailed qualitative work. 
For the purposes o f this report the term social impacts is used to refer to areas where development 
of a RME biodiesel industry could affect (positively or negatively) the population (local, national 
and global).
3.2.2 Background
To understand the rapeseed industry it is important to obtain some background on the plant and 
processes involved. Rape is also called Golza (species name Brassica napus). It is a plant o f the 
mustard family (Brassicaceae) and is native to Europe. Rape is an annual plant and its usual height is 
30 cm or more with a long, thin taproot. Its leaves are smooth, bluish green and deeply scalloped. 
Rape bears clusters o f four-petaled yellow flowers. Each pod has a short beak and contains many 
seeds. These seeds are known as rapeseeds and they yield rapeseed oil (otherwise known as canola) 
that can be used in a number o f forms. The British Association for Biofuels and Oüs (BABFO, 
1994) notes four methods of use for rapeseed oil in association with biodiesel production:
1. Pure rapeseed oil can be used in indirect injection compression ignition engines, but these 
are mostly of oü design. Modern engines tend to “choke up” when using pure rape oü.
2. Rapeseed oil can be mixed with conventional mineral diesel to avoid “coking”. However, 
there still remains a question mark over the coking performance o f the fuel.
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3. The rapeseed oil can be converted into an ester for use in most modern diesel engines 
without engine modification.
4. The RIVlE can be mixed with conventional mineral diesel to enhance the environmental 
profile of the fuel.
For the purposes of this work the focus is on the conversion of the rapeseed oil into an ester to 
form Rapeseed Methyl Ester (RME). When used in its pure form it has a higher viscosity with 
poorer combustion. Therefore, the more involved process of transestérification is required to 
ensure effective use. RJVIE may be a renewable fuel, but it stiH requires the input of substantial 
amounts of energy. Therefore, it is important to understand the production processes and by­
products resulting from the formation o f RME. Biodiesel is produced by mechanically extracting 
(seed cmshing) the natural vegetable oü from the rapeseed. The oü is reacted with methanol in the 
presence of a sodium or potassium hydroxide catalyst. Valuable by-products are produced 
including straw (can be used as a fuel), oil seed cake (a protein rich animal feed) and glycerol (used 
in the production of soap and as a pharmaceutical medium) (BABFO, 1999). After retrieving the 
oil the next step is purification. This involves removing impurities and glycerol from the raw oil. 
Placing the oü in settling tanks or forcing the oü through elements achieves filtration. The 
degumming procedures occur next; they can be achieved by flushing the oü with warm water 
(Peterson and Hustruhd, 1998). Processing the oil into biodiesel requires transestérification. This 
process involves reacting the triglycerides with an alcohol to produce esters of glycerol and fatty 
acids. GeneraUy methanol or ethanol are used, occasionaUy butanol has been used. The advantages 
of undertaking the transestérification process include a higher cetane rating and lowered fuel 
viscosity (leading to reduced engine difficulties as mentioned previously).
Diesel production also utiüses substantial amounts of energy input. It is possible to observe key 
differences in the Hfe cycles of the two products, diesel and biodiesel, as shown in Figure 3.2. These 
disparities exacerbate the process of comparison of the two products.
Figure 3.2: Ufe Cycles of Rio diesel and Diesel
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The top three sections o f the biodiesel life cycle in Figure 3.2 are the principal visible stages that are 
distinct to the diesel life cycle. The distribution stage is another area that wiU differ between the two 
fuel ty^es. The transport requirements of biodiesel wiü be very different to those of conventional
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minerai diesel. Transfer of seeds for processing and distribution of the RME is likely to lead to an 
increase in transport requirements for biodiesel. The impacts of agricultural operations present a 
major consideration in the biodiesel life cycle. The energy requirements alone are very different to 
traditional diesel production. The growth of rapeseed (in addition to the processes outlined 
pre\dously) requires input of energy for tillage, chemical operations, chemical production, machinery 
production, harvesting, crop transport, storage and labour (Peterson and Hustruhd, 1998).
The agricultural industr\^ is currently undergoing particularly difficult times. The impact of BSE and 
recent events surrounding the foot and mouth crisis has led to a dwindling industr}^ Substantial and 
costly overproduction of agricultural crops for food has led to a reformed Common Agricultural 
Policy (CAP). The CAP introduces a set-aside percentage for food crops but also allows production 
for non-food crops such as rapeseed (Korbitz, 1999). The total income from farming (TIFF) has 
fallen to its lowest level since entering the Common Agricultural Policy. This fact is displayed in 
Figure 3.3 it highlights that farm incomes in the UK are now as low (in real terms) as at any time in 
the last thirt}  ^ years. Although focus is placed on the UK industry, the decline in industr}' is 
occurring in the majority  ^of countries, particularly European.
Figure 3.3: F  arm Incomes at 1999 Prices, UK, 1973 - 1999
Farm Incomes al 1999 prices, UK, 1973 - 1999
— — TIFF £bn TIFF/head £'000
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It would appear that a change is required in agricultural practices. The growth of rapeseed does not 
constitute the sole process by which the decline in the agricultural industiy^ can be stopped, but it 
will be a contributory factor. Initial plans are to use the set-aside land for growth of rapeseed and 
the intention is to maintain a normal arable crop rotation. The growth o f rapeseed has been 
successfully achieved in a number of countries to date.
3.2.3 History of RME production
The following information is presented as a guide to how commercially viable RJME fuel has been 
to date. The introduction of RAIE (within Europe) as a fuel began in the 1970s when the European 
Union made a policy decision to be less dependent on imported proteins (Lewis, 1996). With all of 
the countries investigated there was no specific documented evidence of social impacts contributing 
to or resulting from the proliferation of the RMFJ biodiesel industry. The social considerations tend 
to be incorporated within the general points regarding development of the industp^ (for example.
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the need to diversify the agricultural sector indicates the social concerns regarding employment 
within the industry),
Austria led the way in the development of RME and first conducted trials in Wieselburg in 1982. 
The main impetus for the Austrian initiative were:
•  The costs o f disposing o f agricultural surpluses;
•  The need to diversify the agricultural sector;
• The need to reduce reliance on diesel imports;
•  The desire to find a less environmentally damaging fuel (Korbitz, 1999).
Pilot projects were opened at Silberberg in 1985 and at Wieselburg in 1987, producing 25 and 200 
tonnes o f RME per year respectively. In 1990 a co-operative of farmers set up a fuUy automated 
plant at Asperhofen, processing 10 tonnes o f seed per day and using only 3 to 4 people hours o f 
labour. New plants were opened in 1991 and 1992 and biodiesel now accounts for 5% o f the 
market. The high cost o f biodiesel led to area payments to farmers and tax relief on the fuel to 
ensure it remained economically viable. From this information it can be construed that one o f the 
significant social impacts o f the Austrian market has been to encourage the agricultural industry.
France was the second European country to have pursued RME development vigorously. French 
Oils and Societ Robbe at Compiegne opened the biggest biodiesel plant in Europe in 1992. Despite 
its capacity at 20,000 tonnes per year it was regarded merely as a pilot plant. By 1993 there were 
four plants operating in Compiegne, the Somme and Toulouse producing 150,000 tonnes o f RME 
per year. Around 390,000 hectares o f land need to be devoted to oü seed production in order to 
supply the biodiesel plants. RME is blended with conventional diesel at a 5% mix and French 
customers are not in a position to identify the difference in the fuel. The marketing o f biodiesel is 
being approached in a düuted fashion with limited visibility.
Italy and Germany are also significant producers o f RME with 125,000 and 100,000 tonnes 
respectively. Much o f the seed for Italian production is imported from Germany in contrast to the 
French operation that has been tied deliberately to local oü seed production. This means that either 
Italy does not need to encourage its agriciütural industry, or it has inadequate land avaüabüity to 
meet demand. UrJike France, Italy does not enjoy the same sense o f self-sufficiency from the RME 
biodiesel industry. In comparison to France also, Germany has undertaken a more visible 
marketing campaign.
‘Fillyour tank with sunlight, water and earth"
Economist, 1997
This has been the slogan designed to appeal to the consciences of Germany’s environmentaUy 
minded drivers. Whether it wiU catch on is a question that remains to be answered. In Germany in 
1997 biodiesel accounted for less than 1% of the country’s annual diesel consumption o f 26.2 
million tonnes (196.5m barrels) and none of the big filling station chains offered it. This trend 
appears to be changing; one German economic research institute believes that biodiesel production 
coiüd reach 2 million tonnes a year in Germany by 2010 (Economist, 1997).
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Historical data would suggest that within Europe RME biodiesel is becoming an increasingly 
popular resource. The need for less environmentally damaging fuel and the encouragement o f the 
agricultural industry appear to be the fundamental drivers for introduction o f RME. The methods 
by which countries are undertaking marketing the product are distinctive. It would be interesting to 
compare the French approach o f low visibility against the more vocal and participatory campaign of 
Germany. Within available literature a comparison o f this nature has not been done, perhaps when 
the 2010 target has been reached a review of predictions wül occur.
3.2.4 Studies to date
A great deal o f work has been undertaken on EGAs of RME biodiesel. Despite not involving social 
considerations directly it is important to understand the results o f the studies. The results are largely 
inconclusive, as mentioned previously, which is due to a number of reasons:
•  Some studies focus on soybean diesel (particularly in the US), others on RME;
• RME biodiesel can be produced by a number o f methods and blends (5%, 20% etc.) and studies 
focus on different aspects;
• Studies investigate the final use o f by-products (straw and meal) in different ways;
•  Different studies use different units o f measurement making comparisons difticult;
•  Studies have been undertaken in different geographical locations;
•  Engines have been used that are optimised for diesel use, but not necessarily adjusted correctly 
for RME biodiesel use.
In essence, different system boundaries have been used that have a direct effect on the results. The 
individuals working on the environmental aspects o f this project will look at these differences more 
closely and wiU produce conclusive results upon which to base assessment o f the sustainability o f 
RME. Despite definitive results being unavailable it is possible to make a number o f general 
conclusions from the literature that is available (although not all available literature agrees with these 
findings, a consensus o f opinion has been taken):
1. RME biodiesel does not give rise to any net CO2 emissions on combustion within the use phase 
of the Hfe cycle (BABFO, 1999; Peterson and HustruHd, 1998);
2. Use of RME biodiesel produces less greenhouse gas emissions than conventional diesel 
(BABFO, 1999; BABFO, 1994)
3. RME biodiesel produces more nitrogen oxide emissions than conventional diesel (BABFO,
1999; Kraus et al., 2000; Reinhardt and Jungk, 2000);
4. Direct sulphur emissions on combustion are normaUy between 0% and 20% those o f fossil 
diesel (Reinhardt and Jungk, 2000);
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5. The taü pipe particulate emissions are often measured as between a third and half those from 
fossil diesel (provided the engine timing is adjusted - otherwise particulate emissions tend to be 
more from biodiesel) (BABFO, 1999; Kraus et al., 2000);
6. Less VOCs are produced from the use of RME biodiesel than conventional diesel (BABFO,
1999);
7. More carbon monoxide is produced with the use o f RME biodiesel compared to conventional 
diesel (BABFO, 1999; Altin et al., 2001);
8. RME biodiesel has low toxicity and high biodegradability (BABFO, 1994; Reinhardt and Jungk,
2000).
The previous points highlight an important distinction that needs to be made. The fact that RME 
biodiesel has less SO2 emissions whilst diesel has preferable NO,^ emissions is an environmental 
consideration. Use of stakeholder input to decide which is preferable is not a viable social concern. 
In that sense social impact is merely being used to interpret environmental impacts. The 
information should be used to highlight the extent to which environmental impacts wül impact on 
social concerns. Environmental information should not be interpreted through the use o f social 
concerns as it is adding an additional level o f complexity which coiüd lead to over-compHcation. 
The social concerns focus on very different aspects and are best explained through the use o f social 
impact assessment (SIA).
3.2.5 Social impact assessment (SIA)
Social Impact Assessment (SIA) is defined as a process that predicts the significant social effects of 
an activity. It is intended to evaluate the alternative sites, techniques, technologies and propose 
changes and management solutions. SIA helps to ensure the adverse social impacts o f an activity 
are minimised and the positive effects are enhanced. It provides benefits to the company in 
ensuring that activities run smoothly in co-operation with the local community and external 
agencies. Social impacts are the consequences to human populations, communities or individuals 
resiüting from an activity (policy, programme, plan or project). Such impacts may influence the way 
people Hve, relate to one another, organise and cope as members o f society. Traditionaüy within the 
SheU Group SIA has been used to interpret social impacts at a process level, for example 
construction o f a new LNG site. However, the categories^ o f social impacts that the SIA has 
developed provide an effective method for management o f the social impacts at a product level, for 
RME biodiesel. The foUowing sections take each SIA category and describe the social impacts 
associated for RME biodiesel. Where avaüable references are provided but as Httle work has been 
done in relation to RME social impacts much of the information is hypothetical.
' Developed by Shell EP in the HSE Manual Yellow Guide: “Social Impact Assessment” EP 95-0371
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3.2.5.1 Demographic Impacts
Demographic impacts cause a change in the size or make-up o f the population. The principal 
demographic impact is migration. This is a phenomenon whereby new business contributes to an 
influx of people. Individuals are attracted to the area by the possibility o f benefits the business may 
bring. This impact is largely dependent on the size and employment requirements of the business. 
Problems arise from migration when the newcomers possess different cultures or place a strain on 
the local infrastructure. On the other hand, activities can have a positive effect on migratory trends 
and characteristics o f a population. Opportunities may slow migration away from a location. This 
is particularly pertinent in relation to the agricultural industry that rapeseed production would 
impact upon. As demonstrated previously (see Figure 2, p. 3) the agricultural industry is currently 
suffering from a period o f decline. A diminishing agricultural industry has important repercussions 
on the mral community. People are migrating away from the mral areas in the pursuit of 
employment and improved standard o f living as mral income decreases. The growth o f rapeseed 
may be a contributory factor through increased employment (whether direct or indirect) and 
additional income to encourage the industry to recover from its current demise.
3.2.5.2 Socio-economic Impacts
Addressing the socio-economic impacts o f an activity is an opportunity to highlight the positive 
effects, particularly with respect to job creation. The issue o f employment presents itself as a 
fundamental social concern in relation to development o f a RME biodiesel industry. The 
implications o f job creation and loss in direct and indirect'^ terms have obvious implications for 
people’s lifestyles. The impacts upon wage levels, migration rates and effects on local industry can 
all reflect onto social stmcture. Again, there does not appear to be conclusive results regarding the 
employment levels associated with RME biodiesel production. Research by BABFO (1994) 
concluded that employment involved directly in a biodiesel plant would be small. They estimate 
that a plant producing 50,000 tonnes o f RME would require around 17 full-time jobs (of which 7 
are for estérification and 10 for cmshing). The impact o f employment on agriculmre is seen as 
being significant. BABFO indicate that a 30,000 tonne plant would retain up to 360 jobs in 
agriculmre and related industries. Korbitz (1999) produced a macro-economic picmre that 
concludes 300,000 hectares o f rapeseed in Germany would create 5,000 jobs. Kraus et al. (2000) 
disagrees with these findings by claiming that the promotion o f rapeseed oil fuels wiU create no jobs 
in agriculmre. They propose that with the cultivation o f non-food rapeseed the additional profit 
contributions earned would be too low to cover the associated labour costs in the long term. Their 
conclusion is that using rapeseed oil as a fuel would neither create additional jobs in the agriculmral 
sector nor preserve existing ones.
This lack of consensus on the implications for employment can be explained due to the difference 
in focus o f attention. The references that propose improved employment figures tend to take into 
account indirect job creation (thereby taking a wider scope o f analysis). The inclusion o f indirect
Indirect job creation refers to the encouragement of employment in one sector resulting from the existence of workers within 
another industry. For example, more workers to an area increases the demand for consumer goods this encourages the 
employment level of the retail industry. It is usually dealt with through the use of a multiplier that was developed by Keynes for this 
purpose. However, in the references there is no direct mention of how indirect job creation was calculaed.
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effects assists in presenting an encouraging perspective. The work by Bonazzi (1999) revealed 
marked differences in job creation levels based on the size o f the farms (explained in more detail in 
section 3.5).
An additional area where social impacts and economic considerations coincide is the issue o f private 
costs associated with the development of RME biodiesel. In general, society wants a fuel with high 
performance, efficiency and low cost. Attempts to introduce “greener” fuels intended to appeal to 
consumers “environmental conscience” have often failed to achieve sales targets due to their high 
cost or poor performance. These areas comprise a crucial area in terms o f public perception and 
acceptability of the introduction o f the fuel. There should not be a significant cost difference 
between conventional fuel and RME biodiesel. To a certain extent this issue ties in with one of fuel 
efficiency. I f  a fuel is more expensive, this should ideally be compensated by increased fuel 
efficiency. RME biodiesel wiU prove to be more expensive than conventional diesel (Vollebergh, 
1997). Therefore, some level of government subsidy is required (this has been done for alternative 
forms o f energy); the exact level is explained in greater detail within the work on economic impacts 
of RME biodiesel associated with this project.
3.2.5.3 Health Impacts
Enhancement of socio-economic status and health infrastructure can result in an improvement in 
public health. Alternatively, unmanaged emissions to air, discharges to water and deposition to land 
could have an effect on the health of the local population. The health issues wül be dealt within the 
environmental impacts o f RME biodiesel. This is because health impacts are related to emission 
levels. Recent press reports have highlighted concerns over increased hay-fever and asthma 
sufferers, in part blamed on the growth of rapeseed. To date, most investigation into associated 
health effects o f rapeseed have been done on RME when it is in use. Investigation o f its impact on 
health at the plantation stage should be undertaken, but there is very Hmited information on this 
subject to date.
3.2.5.4 Impacts on Social Infrastructure
The social characteristics o f a community wül be determined in part by the nature of, and access to, 
social infrastructure^. The principal negative impacts on social infrastructure are associated with 
demographic changes. Existing infrastmcture may only be able to serve the local population. The 
limited capacity o f such infrastructure may be strained by an influx o f people and could result in 
social or health impacts. The improvement of some aspects of social infrastructure can be the cause 
of excessive demand in itself. For example, the migration of people into the project area may have 
been facüitated by the project if roads have been constructed or upgraded, thus improving access to 
the region.
3.2.5.5 Impacts on Natural Resources
Impacts on access and the use of natural resources is the area o f greatest interface between 
environmental and social impacts. In addition, it also comprises a linkage between social and
5 Social infrastructure include items such as health care facilities, educational facilities, transport and roads, housing, public safety and 
power supply.
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economic concerns. Bonazzi (1999) revealed marked differences in job creation levels based on the 
size of the farms. Within his conclusions the traditional systems generated 1.5 times more 
permanent jobs'" per hectare than intensive and conventional systems. An investigation into the 
optimum farm size for rapeseed production needs to be established. Figure 3.4a displays the 
breakdown of farm sizes for 12 European Union (EU) countries to proUde an idea of the 
dimensions that would need to be considered. It also highlights how different farming practices
within the countries are reflected in the farm sizes. Figure 3.4b demonstrates the average farm size
(taken from Figure 3.4a) o f the EU countries.
Figure 3.4a: Breakdown of Farm Sii^ es For 12 European Union (EU) Countries
Country Less than 5 
hectares
5 - 5 0
hectares
More than 50 
hectares
Average farm size 
(hectares)
Belgium 32 48 5 15.8
Denmark 2 63 16 34.3
Germany 219 378 56 26.1
Greece 719 202 3 3.9
Spain 971 535 86 15.4
France 249 495 179 29.5
Ireland 19 131 19 25.9
Italy 2100 526 38 5.6
Luxembourg 1 2 1 32
Netherlands 40 78 6 16.0
Portugal 492 97 9 6.7
United Kingdom 34 128 81 66.7
University of Reading, 2000
Figure 3.4h: Average Farm Si’ge (hectares) of 12 European Union (EU) Countries
® 40
® 30
Country
 ^There is no accepted definition of a “permanent job”; in this context it is taken as employment that lasts throughout the year and 
does not suffer from seasonal fluctuations.
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From the information presented in Figures 3.4a and 3.4b it can be deduced that the UK has farm 
sizes that are significantly larger. It is possible that the UK undertakes a more intensive level of 
farming that would result in lower job creation levels than if the traditional, smaller farm sizes were 
in operation.
The effect an activity can have on the land, or access to it should be determined. The land 
requirements will be dependent on the country in question and local land issues (as highlighted in 
Figure 3.4a). The precise energy input for each crop o f rapeseed grown will vary significantly 
depending on soil types, husbandry practice, yield and location. In regards to this project work 
attention has centred on the use o f set aside land. This focus will avert some o f the issues 
associated with land use that could have occurred (such as loss o f common land). One important 
issues highlighted by Franke and Reinhardt (1998) that needs to be included is that conversion of 
land to intensive annual crop production can decrease the organic matter o f the soil. The use o f 
fertilisers and pesticides that may contaminate groundwater and surface water is an area that will 
require careful management.
Biodiversity is the genetic and species diversity o f living things in a defined area or region. Use o f 
set aside land will result in altered land use that wiU impact on the biodiversity o f the local region. 
There is increasing evidence that wildlife inhabiting farmland, especially arable ecosystems, is in 
widespread severe decline throughout much of Europe (Sotherton, 1998). These declines have 
coincided with changing land use patterns in agriculture during the last 40 years. Intensification has 
taken many forms in different countries but all have taken farming systems towards more 
intensively managed monocultures and geographically polarised systems of production. Hedges, 
other boundary cover and non-cropped cover types have been destroyed so that fields have become 
larger and the diversity o f the landscape mosaic less complex. It is possible that large areas of 
rapeseed could be criticised for supporting a narrower range of species. In terms o f social impacts 
the visual aspect o f expanses o f rapeseed would need to be carefully monitored. Society may not 
accept large areas o f planting.
3.2.5.6 Impacts on Ufestyle
The examples o f issues that can impact on lifestyle include: the cohesion of a community, patterns 
and structures of community life, attitudes and perceptions o f risk. The introduction o f RME 
biodiesel use is intended to cause minimum impact on people’s lifestyles. The same infrastructure 
o f obtaining fuel wül remain for consumers. The area where impacts may occur is in regards to 
people’s attitudes towards using RME biodiesel as opposed to conventional diesel. In terms o f 
RME biodiesel an affect on attitude and perception o f risk is Hkely to occur is through the changing 
land use pattern. The introduction o f significant (in size or number) plantations o f rapeseed could 
lead to concerns for risks of the introduction o f geneticaUy modified crops. Although rapeseed is 
not a GM crop, social impacts must include people’s perceptions; therefore, this issue must be 
acknowledged.
3.2.5.7 Impacts on Cultural Property
An impact on cultural property refers to impacts on sites or structures that are o f archaeological, 
historical, religious, spiritual, cultural, recreational or aesthetic value. This type o f social impact is at 
a more localised and individual level. It wül depend on the site specifics of each plantation and 
production site.
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3.2.5.8 Social Equity of Impacts
In addition to identifying social impacts and indicating whether they are beneficial or adverse, it is 
important to specify the impacts according to the different stakeholder categories affected and 
understand their perceptions of the impacts. This will provide an opportunity to identify those that 
are benefiting from the project, and help to ensure that mitigation measures are aimed at those who 
are likely to experience adverse impacts with the objective o f making them net beneficiaries.
3.2.6 Conclusion
The key aim of adoption of an RME industry is a move towards a sustainable energy economy 
whilst maintaining and improving human quality of life. The social impacts can be summarised as 
follows:
•  Demographic impact: the extent o f encouragement o f the agricultural industry;
• Socio-economic impacts: the level o f employment (particularly long-term) and the cost versus 
fuel efficiency balance that people would tolerate with RME biodiesel;
• Health: the impact o f rapeseed plantations on asthma and hay-fever sufferers (impacts related 
to health from emissions is incorporated within environmental work);
• Impact on social infrastructure: the migration o f people to an area could place a strain on the 
social infrastructure;
•  Impacts on natural resources: the land use and biodiversity impacts associated with farm size;
Impacts on lifestyle: people’s attitude towards using RME biodiesel against conventional 
diesel;
Impacts on cultural property: site specifics of each plantation and production site must take 
cultural aspects into account;
• Social equity of impacts: understanding o f the stakeholder groups positively and adversely 
affected by the introduction of RME biodiesel
The social impacts have been identified through theoretical and empirical data. It is important to 
understand the effect environmental aspects will have on social impacts. Therefore, a number of 
general conclusions were made regarding the comparison between RME biodiesel and conventional 
diesel. These findings include lower levels in RME biodiesel for: carbon dioxide, greenhouse gases, 
sulphur and particulate emissions. However, there are lower levels in conventional diesel for 
nitrogen oxide and carbon monoxide. The intention is that the results from the environmental 
LCA section of this project will provide definitive results (as results have been inconclusive to date). 
This will assist in clarifying how environmental aspects may impact on society.
#
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The findings from this initial literature review are intended to feed into more detailed work. Further 
work win entail identification and engagement with stakeholders and will be undertaken by parties 
external to the SheU Group in order to ensure an unbiased approach. The social impacts Usted 
above wiU be determined within this process that wiU predominantly involve quaUtative information 
coUation. Focus groups, questionnaires and interviews wiU aU be used to estabUsh the social impacts 
o f RME biodiesel.
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3 . 3  S t a k e h o l d e r  w o r k  on R M E  b i o d i e s e l
Completed September 2001
3.3.1 Stakeholder identification
The ideal scenario would be one in which stakeholders identify each other, a reflexive identification 
process. However, an issue o f confidentiality limited the extent to which engagement with 
stakeholders could occur. The External Relations Department of Shell (Rob Hart, SIPC-OXXI and 
Robin Aram, Sl-PXP) were consulted for their approval o f engagement with stakeholders. Their 
advice was not to make any contact with external organisations unless it was part of a larger strategy. 
This had important repercussions on the work that could be undertaken to date. The stakeholder 
map presented within this work does not represent a definitive list. It is hoped that when further 
stakeholder work is undertaken this map should be viewed as a baseline and subject to change as the 
need arises. It has been developed through brainstorming, and specific stakeholders have been 
identified through their expression o f interest within publicly available literature. Occasionally, the 
specific groups have expressed an interest in energy crops in general, rather than RME explicitly. It 
is important to stress that this map does not provide the exhaustive list and is intended to retain a 
degree o f flexibility in order to allow for further changes as the project progresses.
3.3.2 Stakeholder map
The stakeholder map in Figure 3.5 displays the stakeholder groups that have been identified as being 
relevant to the introduction o f RME biodiesel (at a broad level). The focus is on the UK 
predominantly but where available and relevant US and other European stakeholders are also 
highlighted. This is to ensure the work is not restricted to UK considerations. Within the text 
following the map the specific stakeholders are highlighted to guide the engagement process. A 
degree of flexibility is intended to remain within these designations to ensure that changes can be 
made (addition or subtraction) to ensure the stakeholders retain a representative status. The specific 
groups identified are those that have undertaken empirical or theoretical work on the subject o f 
RME biodiesel. There is also identification o f certain groups because they are major customers o f 
SheU products; therefore, they have a considerable amount o f impact on the viability o f a RME 
biodiesel market. In certain examples specific stakeholders have not yet been identified (for 
example within consumers and the local community); this is because these groups are widespread. 
Smaller, representative groups will need to be created within the project once issues are investigated 
at a more detailed level.
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Figure 3.5: Generic Stakeholder Map for RAIE Biodiesel Production
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The groups highlighted within the stakeholder maps all have a degree of influence on, or can be 
affected by the production o f RME fuel (hence the use o f double headed arrows).
3.3.2.1 Research
There is a great deal of research occurring into biodiesel at the present time. The difficulty  ^comes in 
distinguishing where it deals with RME, and where it deals with bioenergy crops in general. This 
distinction is not always immediately apparent and should be ascertained through discussions with 
those involved with the processes (although this was not possible to any detailed extent within the 
scope of this project to date due to confidentiality constraints). There are two areas that are 
working in research on this nature: academia and consultancies (industry groups, competitive and 
non-competitive are also working on research of this nature they are accounted for within other 
stakeholder groups).
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• Academia;
o Alabama University; 
o Idaho University;
o Royal Veterinary and Agricultural University, Denmark; 
o Wageningen University and Research Centre, The Netherlands;
•  Consultancies;
o Centre for Agriculture and Environment, The Netherlands;
o ETSU (a centre for excellence in energy efficiency and sustainable energy 
technologies).
Where possible the stakeholders highlighted within this text are indicative o f world-wide progress 
on the subject o f RME; therefore both US and European examples are given.
3.3.2.2 Interest /  pressure groups
The interest or pressure group categories comprise an important grouping in terms o f the 
petroleum industry. Historically, this has been the section o f society that has had most apparent 
opposition to the industry’s activities.
• Social and Environmental Non-Govemmental Organisations (NGOs)
NGOs comprise an important stakeholder consideration. The study by Cumming (2001) 
demonstrated that the N G O  approach would tend to focus upon how stakeholders as a whole 
could be empowered to participate in meaningful decision-making. The perspective o f the N G O  is 
likely to be significantly different to that o f the company. Therefore, they afford a useful initiation 
point in order to ensure the full spectmm o f social issues is taken into account with the use of 
thinking external to the organisation’s framework.
•  Friends o f the Earth;
•  World Wildlife Fund;
• Royal Society for the Protection o f Birds (RSPB).
Friends o f the Earth and the World Wildlife Fund are the main NG Os that the Shell Group has 
contacted. They have been identified as leading stakeholder groups for engagement processes. The 
Royal Society for the Protection o f Birds has produced a number o f publications regarding the 
impact o f bioenergy crops and changing land use on birds and ecosystems in general.
• Media
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The media is another area that traditionally has had a significant amount o f opposition to an 
industry’s activities. These can be displayed through a number of examples o f ineffective levels of 
communication (Lofstedt and Renn, 1998). N G O  groupings have traditionally been media­
conscious so when an event occurs information from them is more accessible. In recent times this 
has changed with increasing emphasis being placed on the successes o f industry groups 
(introduction o f corporate social responsibility and environmental compliance) but it is important 
that the open and transparent level o f communication is maintained.
3.3.2.3 Business associations
In regards to RME biodiesel there are two categories o f business association that require 
consideration.
• Biomass Association
As the interest in biomass production increases, a growing number o f biomass associations can be 
observed. For the purposes o f this study the principal ones that have been identified are those with 
a number o f publications on the subject o f RME biodiesel and good links with other important 
stakeholder groups.
•  European Biomass Association (AEBIOM);
•  European Renewable Resources and Materials Association (ERRMA);
•  British Association for Biofuels and Oils (BABFO).
The European Biomass Association has individual groups in all European countries. They provide 
a wealth o f information on the introduction o f RME biodiesel within the individual countries. They 
can provide a comprehensive overview of the industry and have good links with other stakeholder 
groups (such as biofuel producers and farmers) within Europe. The European Renewable 
Resources and Materials Association has produced a number o f publications on the subject o f RME 
biodiesel. The British Association for Biofuels and OHs has also studied RME biodiesel in some 
depth and has considered the environmental and economic implications o f development o f the 
industry.
• Petroleum Associations
The change in direction o f Shell from a focus on pure petroleum products is likely to generate a 
significant level o f interest within the petroleum associations (particularly within associations that 
focus on the environmental impacts o f petroleum operation). The following associations have been 
chosen to reflect a world-wide perspective.
• International Petroleum Industry Environmental Conservation Association (IPIECA);
• United Kingdom Petroleum Industry Association (UKPIA);
• American Petroleum Institute.
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3.3.2.4 Government agencies
A great deal of investigation has occurred to date into RME biodiesel by government agencies 
within the US and Europe. In terms o f possibilities o f subsidies and regulations government 
agencies are very influential on the introduction o f a RME biodiesel market.
• Organisation for Economic and Community Development;
•  Department for Environment, Food and Rural Affairs (DEFRA);
• US Department of Energy’s National Biofuels Program (related to the Energy Efficiency and 
Renewable Energy Network);
• European Environment Agencies;
• A Global Overview of Renewable Energy Sources (AGORES);
• European Commission.
Despite these groupings not all being directly associated with government agencies they are all 
influenced (largely through funding) by government within their respective countries. They are 
likely to be the prevalent method that government will acquire information on an RME biodiesel 
industry; therefore, they are identified as the government agency stakeholder groups.
3.3.2.5 Internal
Introduction o f RME biodiesel does not only require external approval to be successful. Processes 
within the Shell Group wiU also require engagement processes.
•  Employees
The primary internal stakeholders for any organisation are the employees (Camarota, 1999). 
Indicated within the paper by Berman et al. (1999), a range of theory and some empirical evidence 
suggests that how a firm manages its employees can affect its financial performance. These groups 
are concerned with the degree o f excellence that a firm exhibits both internally and externally (and 
not simply restricted to environmental issues but also economic and social). The employees must 
be willing to introduce any changes working practices that may be required o f them. In addition, 
the organisational decision makers must be open to su^estions o f change in order to improve 
working practices that are only apparent through operational observation from the employees. It 
will not be possible to speak to every employee involved; therefore, focus groups and workshops 
should be used.
•  Trade Unions (TUs)
Trade Unions associated with employee practices are an important stakeholder group. They ensure 
operation remains effective with minimum, negative impact on employees. They are also a useful
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method for consultation to ensure every employee has an opportunity to raise individual issues or 
concerns.
o Engineers’ and Managers’ Association (EMA) UK; 
o Transport and General Workers’ Union.
33 .2 .6  Competitors
The competitor grouping comprises an important stakeholder consideration in ensuring longevity in 
a business’ operation. The need to survive in a competitive marketplace is one o f the main 
concerns for the organisation moving towards sustainability.
•  Petroleum companies
The principal competitors to the Shell Group’s operation are given as: 
o TotalFinaElf; 
o ExxonMobil; 
o BPAmoco.
• Other industry groups
At the present time it is solely petroleum companies that can be viewed as competitors to Shell’s 
introduction o f RME biodiesel. However, it is important to acknowledge that other competitors 
could enter the marketplace.
3.3.2.7 Customer and Community
Customers and the community are placed together within the stakeholder map in Figure 1 due to 
the similarity o f the groups when dealing with RME biodiesel. The customers and community wiU 
have a perception o f the RME product, not only by its specific attributes, but also by the reputation 
of the organisation (Camarota, 1999).
•  Retail sites;
• Consumers.
In addition to the general public being viewed as consumers there are also key industrial consumers 
that require highlighting:
• General Motors (GIVQ;
• Ford;
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Nestle;
Cargill;
•  Rio Tinto.
These companies are the key sales contacts for the Shell Group.
•  General public;
•  Local community.
Further identification and engagement with the local community in greater detail will be required 
when individual locations, or specific areas o f concern are investigated. They are included as a guide 
for more detailed consultation exercises. A local community plan should ideally by formed for 
development o f production sites allowing for continued engagement with local stakeholders to 
ensure the plant or process can operate in a satisfactory manner.
3.3.2.8 Supply Chain Partners
The supply chain parmers are important to ensure that the business process as a whole remains 
viable. There are various stages within the supply chain, which must be considered. Firstly, there 
are those groups that hold a direct link to the production o f RME biodiesel.
• Farmers
It would be a considerable undertaking to attempt to speak to all the farmers that are, or could be, 
affected by the introduction o f RME biodiesel. Therefore, it is advisable to use already established 
links such as discussion groups.
o South West Industrial Crops UK (SWIG);
o National Farmers Union (NFU).
The South West Industrial Crops is a discussion group for farmers within the UK. There should be 
similar groupings within other countries that can be approached in order to discuss their perception 
and beliefs regarding the introduction o f large-scale production o f RME. Many o f the biofuel 
producers may also have established links with farmers that could be o f benefit to the strategic 
study. Some of the biomass associations such as the European Biomass Association (AEBIOM) 
have also undertaken a degree o f information collation regarding farmer perceptions that may be of 
relevance to the project (although distinction between RME biodiesel and energy crops in general is 
not explicit within the report).
•  Biofuel producers
o Arable Biomass Renewable Energy (ARBRE);
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o United Oilseeds; 
o World Energy; 
o SoyGold;
o BioDiesel International; 
o Cargill pic; 
o Diester
These are the major European producers o f biodiesel. Links between Diester and the Shell Group 
in France are already well established.
•  Distributors
The distributors will be haulage companies involved in transporting the rapeseed for processing and 
to retail sites for consumer purchase. The information required from this grouping wiU be that they 
can meet demand and that the appropriate vehicles (e.g. tankers) would be available.
There are also associated parmers within the supply chain that wiU have an impact on the 
production o f RME biodiesel as a viable industry.
•  Car manufacturers
o Fiat; 
o Rover; 
o BMW; 
o Volkswagon.
The car manufacturers are included as supply chain parmers because there will be a need for engine 
modification associated with RME biodiesel use. Therefore, the manufacmrers are a vital part o f 
the supply chain. Those identified have referred to engine modification being applied to their 
production processes for the use o f alternative fuels.
3.3.2.9 Other Industry Groups
The inclusion o f this category highlights that there are other industry groups working within the 
field, but not directly looking at RME in biodiesel. The industry groups working in a similar field 
may have also undertaken moves in stakeholder engagement and social impact categorisation that 
can be used for benchmarking purposes (for example, Unilever and the development o f crops for 
food products). In addition to this, it is important to know what other purposes there are to using 
the crop in order to be aware o f the trade-offs between the different industry groupings that may be
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required. This group is shown, as grey in Figure 3.3 as it is not seen as a direct stakeholder, but is 
important to account for nevertheless.
33.2.10 Other Stakeholder Groups
There are certain groups that have not been included within this stakeholder map. These non­
represented groups include future generations. Whilst it is not possible to state categorically what or 
who these groups will entail it is important to acknowledge their presence and to allow for their 
inclusion in future adaptations of the map. Any organisation that is working towards sustainable 
development needs to take account o f future generations, as they too are seen as having a valid 
stake in the operations that are undertaken in the present day. The aim is to “meet the needs of the 
present generation without compromising the ability of future generations to meet their own needs” (fSlQlESO., 1987).
3.3.3 Conclusion
The stakeholder map (Figure 3.5) has been developed to allow for initiation o f a stakeholder 
engagement process. The broad stakeholder groups that have been detailed within the map are 
indicative o f a company moving towards sustainability. The confidentiality constraints meant the 
stakeholder identification process could not be executed within an ideal scenario. The map 
presented should be viewed as flexible with the specific stakeholders liable to addition or 
subtraction. The map is representative of those who have a direct influence in regards to RME 
biodiesel (with a danger o f over-emphasising industrial concerns, as opposed to social issues). The 
use of stakeholder engagement will assist in identifying those groups that are of indirect concern 
(hence less identifiable from first principles). The information presented has a generic basis for 
RME biodiesel. Adjustments to the stakeholder map will be required if the issue is assessed at a 
more detailed level, for example with the investigation o f individual production sites.
Following on from the development o f the stakeholder map the next internal stage is to produce a 
report o f key social issues within the format o f a literature review. This wiU serve as a guide for 
future work on stakeholder identification and engagement. This wiU provide a more detaUed 
impression of the type o f social issues and concerns that wiU be involved with the introduction o f 
RME biodiesel. It is advised to undertake an external initiative in relation to this work in order to 
develop the stakeholder work in greater detail.
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3 .4  D i f f i c u l t i e s  w i t h  u n d e r t a k i n g  t h e  w o r k
Completed in September 2001
A number of fundamental issues have emerged regarding the work on the social impacts of RAIE 
that are affecting progress. They are summarised below and recommendations are highlighted for 
further action.
3.4.1 Key Blockers
1. Shell Public Relations (Rob Hart SIPC-OXXI and Robin Aram SI-PXP) advised not to make 
any contact with external organisations unless it was part of a larger strategy and at a detailed 
level.
2. Contacts with biofuel producers and groups to arrange interviews have been unresponsive. The 
following organisations have been contacted: Cetiom, Prolea, Novance, Sodra, BioDiesel 
International, United Oilseeds, Cargill pic, lACR (Institute for Arable Crops Research) and 
SWIC (South West Industrial Crops). This is not felt to be due to an unwillingness to 
participate, time and failure to contact the right people is hampering the process.
3.4.2 Progress
The difficulties experienced from the presence o f the blockers has meant the work to date has been 
predominantly based on publicly available literature. This has certain restrictions in terms of 
information that is available, and the level of detail that has been obtained (i.e. information is often 
referring to biomass crops as a whole, rather than Rapeseed specifically). There has also been a 
focus on Shell’s perception of issues o f concern, as opposed to the wider society, which would be a 
preferable perspective. This oversight needs to be corrected if the information is going to be made 
available to a wider audience.
Professor Roland Clift (OBE, FEng, FIChemE) has initially responded to the work and highlighted 
a number of fundamental problems with the process as a whole. In order to deal with the issues 
behind the process a significant amount of detailed stakeholder identification and engagement work 
is required (that wiU require substantial time and resources).
3.4.3 Recommendations
1. The expansion of the social considerations external to a “Shell focus” constitutes a major 
undertaking that is not possible to fulfil through the use of a single resource (Bryony 
Cunningham). For the immediate future, contact with Roland Clift and the Centre for 
Environmental Strategy within the Universit}^ of Surrey is required in order to assist with 
direction on the matter.
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2. Quantifying the indicators that have been identified to date and producing a report that explains 
the limitations to the work in fuU detail can fulfill short-term requirements o f the project.
3. Once the short-term requirements have been met., it would be advisable to re-initiate the 
investigation into social impacts, maintaining a broader focus. This is a time-consuming process 
and sufficient time and resources (which will need to predominantly come from external sources) 
need to be identified (e.g. Centre for Environmental Strategy)
3.4.4 Conclusion
The confidentiality and contact issues are hampering attempts to gain meaningful social data in the 
short term. Quantification of the social indicators collated to date, based on Bryony Cunningham’s 
interpretation o f available literature can be used to demonstrate an initial set o f ideas. However, the 
limitations must be highlighted and explained, and the results cannot be taken as definitive. A 
development to this work would be to undertake a full stakeholder identification and engagement 
process with the assistance o f external resources (such as the Centre for Environmental Strategy) in 
order to develop information that can also be applicable externally to Shell. Roland Clift is a leading 
figure in work o f this nature and, therefore, his involvement and final verification o f the process is 
advised within the programme (from initiation).
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3 . 5 P r e l i m i n a r y  s o c i a l  i s s u e s  a n d  c o n c e r n s  o f  R a p e s e e d  M e t  h y  l
E s t e r  ( R M E )  as  a b i o f  u e l
Completed in September 2001
3.5.1 Introduction
In recent years many organisations have faced significant challenges in identifying and responding to 
society’s increasing concerns about how they should conduct their business. The issue of public 
input to the decision-making processes of business is gaining momentum, particularly where social 
and environmental affairs are o f concern. The market development of biofuels, more specifically 
the formation o f biodiesel through Rapeseed Methyl Ester (RME) is one such issue where the social 
and environmental implications could outweigh the traditionally measured economic aspects. To 
take social aspects into account a company is required to seek the views of stakeholders about 
proposed activities.
Stakeholders can be defined as individuals or groups who might, for whatever reason, have an 
interest in (or might wish to influence) the activities of a company. Traditionally, the operation o f a 
business was based solely on financial and economic terms with shareholders being the dominant 
group. However, businesses are increasingly required to address two further types of stakeholder:
•  Those who have a stake in the careful use o f resources in the environment that is impacted by 
the business, and;
• Those who have a stake in the social aspects.
The increased use o f stakeholder consultation processes over the past few years represent a greater 
interest by society as a whole in more interactive forms of decision-making. The reasons for the 
increased use o f stakeholder consultation processes stem from a variety o f environmental, political, 
social forces and technological changes:
• A lack of public confidence and trust in the decision making processes of companies (and 
government agencies);
•  Increasing transparency o f institutions whose decisions affect, for example, the environment and 
local communities and increasing social expectations for more dialogue;
•  The limitations of traditional regulatory decision making in considering the perspectives and 
values o f various stakeholders;
•  Expanded concerns, interests and capabilities o f individuals and groups to participate in the risk 
assessment and decision making processes;
•  The growing diffosion^f information^^ ^  ^_
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• Policy commitments made by companies to expand stakeholder consultation.
In regards to this last point, the Shell Group has stated its commitment to contribute towards 
sustainable development, o f which stakeholder consultation, transparency and openness are key 
components as described within the Sustainable Development Management Framework (SDMF).
3.5.2 Methodology
The literature review of the social impacts associated with development o f a biodiesel industry was 
included in Section 3.3. Initial work on stakeholders was outlined in Section 3.4. Information 
within this report comprises an identification o f the stakeholders concerned and allows for a more 
detailed consideration o f social impacts from their perspective.
There were certain issues of confidentiality that had to be addressed when dealing with this work 
that limited the extent to which stakeholder engagement could occur, outlined in Section 3.5. Once 
the list of stakeholders had been developed the External Relations Department of Shell (Rob Hart 
SIPC-OXXI and Robin Aram SI-PXP) were consulted for their impression o f the best method by 
which to engage with external stakeholders. Their advice was not to make any contact with external 
organisations unless it was part o f a larger strategy and at a detailed level (i.e. when information is 
required on all aspects of biofuels - rather than on individual products such as RME biodiesel).
The information for this report was, therefore gained by studying the literature available from the 
stakeholders (using the internet and libraries) and through attendance at a “Changing Land of 
Europe” conference that focused on renewable energy technologies. The following key individuals 
were also contacted for their input, their assistance is acknowledged:
•  Gaü Smith Social Impact Co-ordinator on Sustainable Agriculture Programme
for Unilever
•  D r Peter Randerson Cardiff School o f Biosciences, Cardiff University
•  Prof. Charles Peterson Idaho University
• Prof. Roland Cliff University o f Surrey, Centre for Environmental Strategy
• Dr. Alister Scott Lecturer in Countryside Management, UK
• Kevin Healion Irish Bioenergy Association
The first requirement in regards to consideration o f social impacts was to identify the relevant 
stakeholders.
3.5.3 Stakeholders
The number o f stakeholders can in theory be limitiess. The challenge is to balance the need to 
consider all stakeholder viewpoints with the practical considerations o f the project (time and 
available resources). Following a brainstorm session (following the initial work on a literature 
reUew) as to whoThe stakeholders of biofuels would be, the classificatipn matrix in Figure 3.6 
developed.
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Figure 3.6: Stakeholder Classification Aiatrix for RME Biodiesel
Influence 
and Power
T h e ability and 
capability to 
persuade or 
coerce odiers. 
Also, the ability 
to im pact (cither 
positively or 
negatively) on 
the success o f  a 
pro ject or 
endeavour
A3: H /L
A6: M /L
A9: L/L A8: IV.M A7: L /H
Interest and Knowledge
Tire level o f  in terest and knowledge and the abilitv to 
significantly contribu te  to  a project o r endeavour
The matrix in Figure 3.6 indicates the stakeholders involved with biofuel work, and also assists in 
categorising them into groups that require prominence due to their position of interest, knowledge, 
influence and power (such as government and farmer groups). Stakeholders that would occur in the 
A3, A6, A9, A8 and A7 sections are not included within the stakeholder identification and analysis 
because they are not viewed as presenting significant contribution to the study on social impacts. 
The stakeholders that have been identified within the matrix have been progressed to identifying 
specifically who can be recognised as a stakeholder.
To assist with managing the number of stakeholders required for consideration a prekminaiy 
classification can usually be made based on whether they are primary or secondary stakeholders:
• Primary stakeholders: Individuals or groups who may be directly affected by a company’s activities 
(voluntarily or involuntarily)
• Secondary stakeholders: Individuals or groups who, although are not directly involved or affected by 
a company’s activities, have an influence, interest or expertise to offer.
However, in regards to the social impacts of RAIE in biodiesel with its position as a specialised 
subject, and taking into account the limited level of external stakeholder engagement that was 
available, this segregation was not viewed as a requirement.
The groups that have been identified are depicting the world-wide groupings for biodiesel. 
However, the level of land and climate required for such crops means that attention is very much 
focused upon Western countries (Europe and the USA). It is only in the West that there is the 
luxur}  ^ of the availability of land for non-food production. This is why the stakeholder groups are 
based in USA or Europe. The following two sections detail the ideas and beliefs that have been 
obtained, to date, from the groupings in regards to biodiesel development. It is worth remembering 
that as the data presented is largely based on literature and Internet searches, that often the 
distinction between biodiesel and biofuels in general has not been made. Therefore, the
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information presented within the following section wiU be worked through in further stages of 
project development in order to obtain the issues and concerns that are specifically related to 
biodiesel. Progression o f work in this manner wiU require engagement with individuals working on 
the environmental and economic sections o f the LCA work. There will also be further engagement 
with key individuals in order to further refine, develop and finalise the preliminary issues and 
concerns.
The stakeholder groups that present the most difficulty in obtaining an impression of their issues 
and concerns to date have been the local population, industry and farmers (although a report was 
found on farmer perception by the European Biomass Association which alleviated the problem to 
a certain extent). The issues and concerns of the local population, including consumers and local 
residents can only accurately be defined through direct engagement and is likely to be required on a 
case-by-case basis as each production site will have specific issues associated with it. The limited 
amount of information available from the industry grouping is likely to be due to confidentiality 
issues restricting public access to information. Identification of the key individuals within each 
stakeholder group should assist in obtaining information. Details on each stakeholder grouping are 
included in Appendix II, contact information available at the present time is presented in order to 
direct attention should engagement be required at a later stage. These tables wiU continue to evolve 
as the project develops.
3.5.4 Positive aspects of biodiesel
This chapter deals with the positive aspects o f RME biodiesel development and production. The 
foUowing sections detail what the main issues are via the section headings and then the tables detaU 
the concerns that have been expressed by certain stakeholder groups. Certain comments appear in 
dupUcate within the table, highlighting that more than one stakeholder group expressed the issue. 
This wiU assist in selection o f “key concerns” in future developments to the project work.
3.5.4.1 Easy and Safe to Use
US Department o f Energy, Office o f  
Energy Efficiency and Renewable 
Energy (Government)
“Biodiesel can be used with your current fuelling infrastructure and in aU 
diesel vehicles with litde or no engine modification”
Canadian Renewable Fuels Association 
(CREA) (NGO)
Biodiesel does not require new refuelling stations, new parts inventories 
or expensive engine modifications.
Finnish Bioenergy Association 
(FINBIO) (NGO)
Easy and safe to collect and use
World Energy (biofuelproducer) Integrates with the existing fuelling infrastructure. A  higher flashpoint 
than petroleum diesel makes it safer to handle
3.5.4.2 Flexible
US Department o f Energy, Office o f  
Energy Efficiency and Renewable 
Energy (Government)
Biodiesel is easy to phase in and out, so you can maintain flexibility in 
technology deployment
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3.5.4.3 Engine Peformance
US Department o f  Energy, Office o f  
Energy Efficiency and Renewable 
Energy (Government)
Biodiesel’s high Cetane number and flash point and increased lubricity 
mean excellent engine performance, safety and fuel economy
Canadian Renewable Fuels Association 
(CRFA) (NGO)
Biodiesel-powered engines deliver similar torque, horsepower and 
kilometres per litre as petroleum-powered diesels.
Italian Biomass Association (ITABIA) 
(N cp ;
N o engine damage or appreciable wear. N o significant increase in fuel 
consumption, and no significant reduction in engine power
FIAT company {industry) The use o f blends up to 10% do not give any problem to engine 
performance
Chevron (oil company) The energy content o f  neat biodiesel is slighdy lower than that o f  
conventional diesel, but limited road testing has shown no appreciable 
loss in performance or mileage. Neat biodiesel has good lubricity 
properties.
World Energy (biofuelproducer) Runs in existing unmodified diesel engines and has increased lubricity^  
over petroleum diesel. Higher cetane level than petroleum diesel for 
better engine performance
3.5.4.4 Cleaner Renewable
US Department o f Energy ,^ Office of 
Energy Efficiency and Renewable 
Energy (Government)
Biodiesel cuts exhaust emissions, niiriimizing black smoke, odour and 
greenhouse gas emissions, air toxics and particulates, and does not 
contribute to sulphur dioxide emissions (acid rain)
Canadian Renewable Fuels Association 
(CRFA) (NGO)
Biodiesel improves air quality by sharply reducing the emissions, 
including particulate matter, that straight petroleum diesel releases when 
it burns.
Spanish Biomass Association 
(ADABE-ETSIA) (NGO)
A source o f  renewable energy that does not contribute to acid rain
Bulgarian Biomass Association (NGO) Improvement o f  environment by using environmentally friendly energy 
technologies; carbon dioxide reduction; elimination o f  sulphur oxides; 
improvement o f  waste management (as there is a use for all end- 
products)
Italian Biomass Association (ITABIA) 
(NGO;
A significant reduction in the opacity o f effluent gases
Finnish Bioenergy Association 
(FINBIO) (NGO)
Good renewable resource, contributing towards sustainable development 
with positive environmental factors. A good method to conform to 
global environmental standards.
Centre for Renewable Energy Sources, 
Greece (Government)
Biomass is generally assumed as a “CO2 neutral” energy carrier, based on 
the reasoning that the carbon emitted through combustion is taken up 
again by the growing plants.
BABFO (British Association for 
Biofuels and Oils) (NGO)
Compared to fossil diesel, biodiesel is virtually harmless to aquatic life. 
Biodiesel is biodegradable in water, up to 98% biodegrades in 3 weeks. It 
contains negligible sulphur and does not add to acid rain. Biodiesel 
allows for a significant reduction in harmful exhaust emissions.
Chevron (oil company) Contains essentially no sulphur or aromatics. Limited testing has shown 
that this fuel produces lower emissions o f  particulate matter, 
hydrocarbons, and carbon monoxide than conventional diesel fuel; 
however, the same emission reduction can also be achieved by installing a 
catalytic converter in the vehicle exhaust system. Emissions o f  N O x can 
be slighdy higher than with conventional diesel, unless the fuel system 
injection timing is optimized for the fuel.
World Energy (biofuelproducer) Cuts exhaust emissions, eliminates black smoke and odour. Non-toxic to 
plants, animals and humans. Biodegradable and renewable source o f  
energy
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3.5.4.5 Encourage Agriculture
Spanish Biomass Association 
(ADABE-ETSIA) (NGO)
Increase employment
Royal Veterinary and Agricultural 
University, Denmark (Academic)
Currently there is a surplus o f  agriculmral land in Europe and it has been 
shown that the best way to use this is biomass production. Biomass 
production is not labour-intensive and the main workload comes at off- 
peak times. The formation o f farm co-operatives may help to solve the 
problem o f expensive specialised equipment.
European Forum for Renewable 
Energy Sources (EUFORES) 
Luxembourg (Government)
Agricultural regions in particular can benefit from stimulation o f biomass 
industries to halt the decline in johs, by encouraging a switch from 
traditional food crop production to non-food biomass production. The 
overall impact on employment from the predicted increase in renewable 
energy penetration is a net increase in jobs throughout the EU. This 
increase takes account o f the direct, indirect and subsidy effects on 
employment, and jobs displaced in conventional energy technologies.
Arable Biomass Renewable Energy 
(ARBRE) (hiofuelproducer)
There is a need for development o f biomass crops within agriculmre to 
counteract the falling incomes, crises such as BSE, foot and mouth and a 
need to diversify into new non-food markets.
BABFO (British Association for 
Biofuels and Oils) (NGO)
Biodiesel production can increase economic activity in rural areas and 
broaden the scope o f  agriculture putting land to good use that might 
otherwise be idle under set aside or other schemes.
BioDiesel International (biofuelproducer) The chief advantage o f biodiesel use for agriculture is cost minimisation. 
The “oil well on your farm” is tantamount to higher local value added
3.5.4.6 Energy Independence
Spanish Biomass Association 
(ADABE-ETSIA) (NGO)
Decrease dependence on energy from external sources
Bulgarian Biomass Association (NGO) Bulgaria is not rich in fossil fuels and would benefit from energy 
independence
BioDiesel International (biofuelproducer) The flexibility o f  biodiesel is the creation o f  manageable regional supply 
systems
3.5.4.7 Health
SoyGold (Industry stakeholder) Impacts on human health represent a significant criteria as to the 
suitability o f  a fuel for commercial applications. Health effects can be 
measured in terms o f  fuel toxicity to the human body as well as health 
impacts due to exhaust emissions. Tests conducted by Wil Research 
Laboratories, Inc. investigated the acute oral toxicity o f  pure biodiesel 
fuel as well as a 20% blend o f  biodiesel with No. 2 diesel (B20) in a 
single-dose study on rats. The LD50 o f  pure biodiesel, as well as B20, was 
found to be greater than 5000 mg/kg, although hair loss was noted on 
one sample in the B20 group. The acute dermal toxicity o f  neat biodiesel 
was evaluated in a single dose study involving rabbits. The LD 50 o f  
biodiesel was found to be greater than 2000 m g/kg and the 2000 m g/kg 
dose level was found to be a N o Observable Effect Level (NOEL) for 
systemic toxicity.
Acute aquatic toxicity tests with Daphnia Magna have also been 
conducted. Table salt (NaCl), diesel and biodiesel were compared to each 
other. The LC50 count (the concentration where 50 percent o f  the 
Daphnia Magna have died and 50 percent were still alive) for table salt 
was 3.7 parts per million (ppm). Fifty percent o f  the Daphnia Magna 
were dead at 1.43 ppm for diesel fuel. The LC50 number varied for 
biodiesel from 23 ppm to 332 ppm. The conclusion being that biodiesel
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is less toxic than diesel fuel.
3.5.5 Negative aspects o f biodiesel
Information within this chapter focuses on the negative aspects of RME biodiesel. Identification of 
negative aspects is not as distinct as the positive aspects and within some of the tables there are 
references to concerns that stakeholder groupings currently have due to shortcomings o f the 
existing situation, i.e. they highlight areas where political or business changes are required, rather 
than concerns over the situation where biodiesel is in circulation.
3.5.5.1 Economy
Spanish Biomass Association 
(ADABE-ETSIA) (NGO)
Cost o f  raw materials and machinery to initiate production.
Bulgarian Biomass Association (NGO) High price o f initial investment required (special machinery required). 
Price o f  biodiesel can be quite high in the marketplace.
Italian Biomass Association (ITABIA) 
(NGO)
Prices are too high because o f the lack o f efficiency at aU stages starting 
from the crops coming to the final output. There is a lack o f  subsidies 
for crops cultivated for energy purposes.
Finnish Bioenergy Association 
(FINBIO) (NGO)
High costs associated. Currently a shortage in finances for R&D work 
on the subject.
European Biomass Association 
(AEBIOM) (NGO)
Profitability remains the key factor in the farmer’s decision to get 
involved with biofuels. Fixed and stable prices are required. Profit o f  
growing biomass crops should be comparable to alternative land uses.
Wageningen University and Research 
Centre, The Netherlands (Academic)
The current fossil fuel price is based upon a non-renewable economy and 
artificial production levels. As long as the nowadays prices remain low  
the biomass crops are not economically competitive, especially in 
countries with high costs for land and labour. Lower costs are needed to 
create sufficient farmers income or competitiveness with fossil fuel or 
other renewable energy sources.
Chevron {Oil Gompany) The main disadvantage o f biodiesel is its cost, which, as o f  this writing is 
two-thirds higher than that o f  conventional diesel fuel. Until the price 
comes down, its use will probably be limited to situations where it is 
subsidized or where the potential environmental benefits offset the 
additional cost. For example, biodiesel is more widely used in Europe 
where environmental regulations and tax subsidies make it practical.
3.5.5.2 Political
Spanish Biomass Association 
(ADABE-ETSIA) (NGO)
Uncertainty over the political measures that wiU be undertaken for its 
development.
Italian Biomass Association (ITABIA) 
(NGO)
Uncertainty o f  the legislation and regulation framework. It is not 
considered as part o f the political agenda within the European and 
National level
Finnish Bioenergy Association 
(FINBIO) (NGO)
Taxation systems need to modernise and harmonise between different 
countries
European Biomass Association 
(AEBIOM) (NGO)
Agricultural policy is currently rather weak towards the non food sector. 
The use o f  set aside land is not an appropriate tool to promote energy 
crops because o f its temporary character. Energy crops should be 
involved in a dedicated policy. Farmers require a strong and coherent 
political commitment with financial means to help biofuels progress.
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3.5.5.3 Emissions
Department o f Trade and Industry 
(DTI) (Government)
Regulated vehicle emissions o f  biodiesel can generally be considered as 
siirdlar to mineral diesel, i.e. there are no clear air quality advantages 
(stated in 1996)
BP (oil company) As far as biodiesel is concerned, the automakers have not been very 
enthusiastic, because the emissions results are not that good.
3.5.5.4 Distribution
Bulgarian Biomass Association (NGO) Organisation o f transport and distribution o f biofuels to the final 
customer can be problematic. There is a lack o f infrastructure at the 
present time related to production and distribution o f biofuels.
3.5.5.5 Biodiversity
The Royal Society for the Protection of 
Birds (RSPB) (NGO)
New crop plantations can disrupt ecological balances if not carefully sited and 
managed
US Department of Energy (Government) The range of species supported by biomass plantations is much narrower than 
natural ecosystems
3.5.5.6 Quality Control
Italian Biomass Association (ITABIA) 
(NGO)
Lack o f  biodiesel quality standardisation
Finnish Bioenergy Association 
(FINBIO) (NGO)
World-wide standardisation is required
University o f  Idaho (Academic) Users o f  this fuel should be aware, however, that currently there is no 
"official" widely recognised fuel specification for BIODIESEL and, 
therefore, engine manufacturers cannot fully recognise it as equivalent to 
diesel.
3.5.5.7 Perception
Finnish Bioenergy Association 
(FINBIO) (NGO)
People’s perceptions are often against the use o f  biofuels because o f  a 
lack o f understanding o f the opportunities avaüable.
3.5.5.8 Performance
Chevron (oü company) Biodiesel has a relatively high pour point, which could limit its use in cold 
weather. Biodiesel is biodegradable, but this property may lead to 
increased biological growth during storage. Biodiesel is also more 
susceptible to oxidative degradation than petroleum diesel.
3.5.5.9 Energy Puquirements
BP (oü company) A lot o f energy goes into the fuel besides that derived from the sun. This 
includes fertilizer, cultivation, harvesting, etc. In fact, biofuels in many 
cases require almost as much energy^  to manufacture as they produce in 
combustion.
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3.5.6 Conclusion
The preliminary list of issues associated with RME biodiesel (summarised from the previous 
sections) taken from the stakeholder viewpoint can be outlined as follows:
Positive Aspects:
Easy and safe 
to use
Applicable to current fuelling infrastructure; 
Safe to handle.
Flexible Easy to phase in and out o f production.
Engine No engine damage or appreciable wear;
performance No loss in performance or mileage (compared to conventional diesel); 
Good lubricity properties.
Cleaner and Cuts exhaust emissions;
renewable Renewable resource; 
Biodegradable;
Non-toxic to flora and fauna.
Encourage Increase employment;
agriculture Use of surplus agricultural land; 
New agricultural market.
Energy Decrease dependence on renewable energy from external sources (on a
independence regional and national basis).
Negative Aspects:
Health Reduced toxicity
Economy High initial investment for production;
Profit o f growing crops should be comparable to alternative land uses; 
Reduction o f product price for consumer is required to encourage market 
growth.
Political Uncertainty over regulation and legislation regarding subject;
Taxation systems need to modernise and harmonise between countries to 
encourage wider uptake;
Agricultural policies are not geared towards the non-food sector.
Emissions Emission results are not distinctive to conventional fuel.
Distribution Transportation and distribution o f biofuels to the final customer can be 
problematic.
Biodiversity Crop plantations can disrupt ecological balances.
Quality control Standardisation of biodiesel quality is required
Perception People reticent to use biodiesel due to a lack o f understanding o f the 
processes involved.
Engine Biodiesel could be susceptible to engine failure in cold weather;
performance Possibility o f biological growth during storage and oxidative degradation.
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Energy • Eügh degree o f energy input required into cultivation, harvesting etc.
requirements_________________________________________________________________
There are occasions where an issue is highlighted as a concern within the negative and positive 
aspects. This highlights the fact that despite the great deal o f work conducted in this area, as yet 
there is little consensus o f opinion on a number o f points. By engaging with others involved with 
the work, and further engaging with key stakeholders externally, the aim is to reach agreement on 
some of the more contentious issues.
Figure 3.5 shows the detailed stakeholder map of those that have been identified as stakeholders by 
the research engineer. The use o f colours depicts the level of contact that has been achieved to 
date.
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3.6 Social indicators developed to date
3 .6  S o c i a l  i n d i c a t o r s  d e v e l o p e d  t o d a t e
Following analysis o f the stakeholder issues and concerns explained in the previous sections from 
the social aspects of the project. The following issues and concerns have been identified as being 
the most significant.
1. Level o f change required to the current fuelling structure.
People’s acceptability of the introduction of biodiesel will be greatly influenced by any requirements for a change 
in their “currentpractices” of gaining fuel It, therfore, comprises an important indicator
2. Level of toxicity.
Whether the fuel is safe to handle is another important anthropocentric consideration
3. Level of exhaust emissions.
The level of exhaust emissions is included in terms of the health implications that emissions present to society
4. Level o f biodegradability o f fuel.
The biodegradable aspect of thefuel is the key indicator in terms of biodiversity that would impact upon society
5. Level of employment.
Ideally society would be loo king for creation of jobs, and the introduction of localjobs that would encourage the 
growth of agriculture (that has recently suffered a number of setbacks including BSE andfoot and mouth)
6. Extent to which the fuel provides a local resource.
This indicator is particularly important in countries such as Bulgaria and Estonia where the need for fuel 
production from within their country’s boundaries is an important deliberation. I t also has important impacts 
in terms of transport of the product.
6.1 Average “distance” the product travels from agriculture to biofuel producer and finally to 
the end user.
Ideally the distance the biodiesel travels before it reaches the end user should be less than the transport 
requirements of diesel
6.2 Amount o f RME required from other countries
The level of RME required from other countries is an important indication of long-term viability of supplies 
and the energy independence itpresents.
1. Level of investment required for production.
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A  major concern identified by a number of stakeholders is the level of initial investment, this, therefore, requires 
clarification in comparison to the usual dieselproduction costs.
8. Level of regulation and standardisation.
The level of regulation was also stated by a number of.stakeholders, as the knowledge of the product working to 
a standard would assist in people’s perceptions of the validity of the product.
9. Affect on engine performance
A  major concern within society as a whole is that any changes in fuel structure must not adversely affect engine 
peformance (through damage or lack of power).
10. Acceptability o f fuel to consumers
This social indicator is an area where quantification will be the most troublesome and relates to whether 
consumers will want to use the fuel when it enters the marketplace. It is, therefore, very difficult to gauge. But 
some indication is possible through analysis of areas where biodiesel is operational
10.1 Price o f fuel for consumer
The price of fuel is one area where “acceptability” can be quantified.
The work from this case study presented a good introduction to assessment o f products. It became 
clear that a tool to incorporate the environmental, social and economic impacts would be beneficial. 
Therefore attention turned to developing the sustainability assessment tool that is outlined in the 
remaining three case studies.
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4 .2  Introduction
4 .1  S u m m a r y
An environmentaUy-acceptable hydraulic fluid and a mineral oü-based fluid were compared. The 
findings highlighted in Table 4.1 demonstrate where the environmentaUy-acceptable scored higher 
than the oU-based fluid. These findings are based on sustainability indicators that are included 
within the main report along with detaUed explanations as to what the findings were based on.
Table 4.1: Findings of the sustainability assessment of environmentaUy-acceptable lydraulicfluid
Raw materials Production Use
Economy 25% 0% 4%
Environment 20% 23% 40%
Society 26% 0% 30%
No difference
Up to and Including 10%
Up to and including 20%
Up to and including 30%
Up to and including 40% and above
The scenario that was considered for this analysis was a normal Ufe cycle for each product. 
However, during the use phase a spiUage occurred.
The environmentaUy-acceptable fluid does not have an impact that is worse than the mineral oU- 
based.
The results demonstrate that the real benefit o f the environmentaUy-acceptable product is during 
the use phase and the impact it has on the environment in the event o f a spUl. Due to the purpose 
of the product this is to be expected.
The societal impacts are also favourable for using the environmentaUy-acceptable fluid during the 
use phase. This is largely due to the reduced level o f clear-up time.
The economics o f the use phase are less distinct. It would be expected that the environmentaUy- 
acceptable fluid would be more expensive increasing the economic impacts. However, considering 
an incident such as a spiUage would actuaUy increase the economic sustainabiUty o f the product.
In terms of the production there is Uttle difference between the two products. In the production 
phase the economy and society impacts are simUar for both products. The environmentaUy- 
acceptable fluid is more sustainable in terms of the environmental impacts o f the production phase.
The raw materials o f the environmentaUy-acceptable fluid are favourable, largely because it uses a 
reduced level o f oU that wiU become increasingly scarce and expensive. There is also a high level o f 
risk attached to a product o f this kind.
The environmentaUy-acceptable hydrauUc fluid provides a real benefit in terms o f environmental 
impact at the use phase. It is important that this fluid is used wherever there is the chance that an 
incident could affect a ffagUe environment. This wiU also affect the economic and social impact 
sustainabiUty levels. In areas where this is less o f an issue, the need to use the environmentaUy- 
acceptable product is reduced.
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4 .2  I n t r o d u c t i o n
The summary has demonstrated the main findings into the sustainability of environmentaUy- 
acceptable hydrauUc fluid. It provides information for decision-makers. The information within 
the main body o f the report is intended for those who want to discover more about how the 
findings came about.
It is important to understand what is required within a sustainabiUty measure, so a brief summary o f 
measures avaüable is included in section 2. There is also an explanation o f the matrix tool used this 
assessment. Information on the assessment, the main matrix o f scores and explanations o f the 
sustainabiUty indicators are also included.
The sustainabiUty assessment matrix provides a useful tool to compare products in terms o f the 
environment, economy and society. There are few examples o f work at this level and the intention 
is to provide a base for more work in this area. The example used has been taken from the 
petroleum industry, but the thinking and structure behind the tool appUes to aU industries.
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4 . 3  S u s t a i n a b i l i t y  m e a s u r e m e n t
A number of measures o f sustainability are currently available. However, they differ on a number 
o f levels and none of them are entirely appropriate for the analysis o f petroleum products.
The use o f measurements is intended to ensure accountability in decision-making. A study by 
KPMG (2001) indicated that business leaders are currently dissatisfied with the reliability o f 
measurement tools. Leaders often feel inundated with data but lack performance information. 
Traditional measures are viewed as suitable for maintaining business as usual but they are not up to 
the task o f directing organisations through continuous change. The leaders identified a number o f 
reasons why performance measures have failed previously:
•  A lack o f feedback to corporate goals;
• Indicators measuring measurable things instead of things that mattered;
•  A focus on measuring too many things.
One example of a popular performance tool is the sustainability balanced scorecard (SBSC) (Figge 
et al., 2002). The rationale behind this tool is that companies need a system of indicators. The SBSC 
is considered a valuable, integrated and value-based sustainability management tool. It is a good 
move towards integrating environmental, social and economic management systems. However, this 
tool has problems. It provides a limited treatment of the external environment. For example, focus 
is exclusively on the customers.
A number o f organisations including the Global Reporting Initiative (GRI) and the World Business 
Council for Sustainable Development (WBCSD) have developed sustainability measures. These 
indicators have been produced as part of the reporting guidelines that are intended to reflect the 
sustainability o f the organisation as a whole.
The development of indicators to reflect the sustainability of individual products is harder to find. 
Yet, there is a need for a company to be aware o f aU its effects on the surrounding environment and 
communities. By studying the detailed product level it is more likely that a company wiU move 
towards sustainability. By focusing on top-level measurement it is likely that a number o f smaller — 
but potentially very damaging — risks could be missed.
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4 .4  S u s t a i n a b i l i t y  a s s e s s m e n t  m a t r i x  d e s c r i p t i o n
The sustainability tool is not designed to replace the life cycle assessment (LCA) process. The LCA 
was developed to study the environmental impacts o f a product. The sustainability matrix is 
developed to show the environmental, social and economic impacts o f a product. It does this by 
focusing on the key impacts the product has from a life cycle perspective. The sustainability 
assessment compares products. It is designed to be quicker by focusing on specific areas of 
concern through the product life cycle. Therefore, it provides a more cost-effective product 
assessment.
There are a number of benefits to using the sustainability matrix. The indicators provide a semi- 
quantitative method o f analysis. The inclusion o f qualitative data allows for the social data to be 
sufficiently explored whilst quantitative data provides credibility to the interpretation. The matrix 
provides a good compromise between qualitative analysis with its issue o f subjectivity, and 
quantitative where finding and analysing the data can become a long and involved process, as is the 
case with a LCA. The fact that the matrix does not need a functional unit eases interpretation in 
terms of avoiding transferring the data into one type o f measure — for example, based on 1000 
working hours.
The format of the tool is a matrix. Assessment begins by establishing the aim, objective and listing 
the assumptions applied in analysing the products. The life cycle is then developed and key stages — 
the points where the products have different processes — are identified. Those areas where they are 
the same do not necessarily need to be investigated; it is possible they will produce the same results. 
Environmental, economic and social indicators are then developed for the products, with the 
indicators receiving a ranking for the different stages o f the life cycle. Explanations must follow the 
matrix with the reasoning behind the ranking - shown in the explanations in Chapters 7,8 and 9 in italics - 
and the addition o f quantitative information where possible.
The ranking is demonstrated in Table 4.2.
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Table 4.2: Tanking of the sustainability assessment matrix
Scoring 0 1 2 3 4 5 X *
Meaning Negligible Low Low/medium Medium Medium/high High Not
applicable
Data not 
available
Once the indicators have been ranked for the different stages o f the life cycle a sustainability score 
can be calculated for each type o f impact. By adding together the scores given for the 
environmental impacts and calculating the percentage of the maximum possible (not counting 
where an X has been placed) a percentage o f unsustainabüity is revealed. Once this has been 
calculated it is possible to transfer this into a sustainability measure.
The indicators depict ‘unsustainabhity’ as opposed to sustainability. This is simply because it is 
easier to identify where a product is unsustainable. It is not clear whether sustainability is a feasible 
goal, either politically or technically (Ayres 1996). There is no consensus as to what sustainability 
means. Therefore, it would be unwise to try to measure it. Instead we need to look at the issues or 
forces that are obstmcting the move towards sustainability. Despite not knowing what sustainability 
truly means it is possible to identify the forces opposing it (Dahl, 1995). Issues such as 
unemployment, industrial emissions and the reduction o f biodiversity are all impacts obstmcting the 
path towards the sustainable goal - wherever that might be.
Once the indicators have been ranked and scored they can be transferred into measures of 
sustainability and represented in a simple diagram. This ensures the information can be presented in 
a quick and easy way for decision-makers. By presenting it as an unsustainabüity tool, it could cause 
some confusion, so it is best to transfer it.
The following example demonstrates the application o f the sustainability matrix. In this case it is 
used to compare a traditional oü-based product against one that is designed to be environmentaUy- 
acceptable.
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4 .5  E n v i r o n m e n t a l l y - a c c e p t a b l e  h y d r a u l i c  f l u i d
Hydraulic fluids are lubricants that are used in high-pressure systems where leaks or accidental spills 
can result in the release of large amounts o f fluid into the environment. EnvironmentaUy- 
acceptable fluids are biodegradable and do little harm to plants and animals. Compared with the 
more widely used mineral oil-based products, they have a reduced impact on the environment if 
spilled. However, when based purely on crop materials, the hydraulic fluids do not perform as well 
as mineral oil-based products and a shorter service life means more fuel is needed.
Base fluid forms the predominant (90-95%) volume of a hydraulic fluid. The remainder is made up 
o f additives. The most popular mineral oil-based hydraulic fluid, sold by the Shell Group, is Tellus 
(blend 46).
This was used as the product comparison to the environmentally-acceptable NamreUe (HF-E 46 
grade). The fluid is under development within Shell Lubricants at Cheshire Innovation Park (CIP) 
and with lubricant manufacturer Aseol in Bern, Switzerland. NatureUe’s base fluid is based on a 
synthetic ester that has petrochemical and plant-derived inputs.
The aim was to assess whether the environmentally-acceptable hydraulic fluid was preferable to the 
traditional, mineral oil-based hydraulic fluid. The assessment began by speaking to the lubricants 
product developer at CIP and the product manager responsible for the fluid’s large-scale production 
in Switzerland. The initial data requested included:
Composition o f products;
Type o f chemicals (and amounts used);
Toxicological data;
Performance data;
Disposal methods;
By-products from processes;
Level of emissions (during manufacture and use).
This list provided an introduction to the type o f information that would be needed. It also 
prompted identification and provision o f further pieces o f information. In addition to studying the 
information that was available on the products the life cycle for the two products was developed. It 
showed similarities within a number o f stages throughout the life cycle o f both products. Where the 
products shared the same life cycle stages, it was unnecessary to investigate the life cycle impacts 
because there would be no differences.
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4 .6  Sustainability assessment o f hydraulicfluids
4 .6  S u s t a i n a b i l i t y  a s s e s s m e n t  o f  hy d r a u I i c f l u i d s
AIM
OBJECTIVE
ASSUMPTIONS
KEY FINDINGS
Assess whether the environmentally-acceptable hydraulic fluid is
preferable to the traditional mineral oil-based hydraulic fluid.
Compare two products based on a sustainability assessment.
1. The same volume of each hydraulic fluid is being manufactured.
2. The resources involved in manufacturing each additive are the same 
— in other words, the main difference between the two fluids wiU be 
in the different additive “treat rates” (=total amount o f additive 
added to each base fluid).
3. The impact of packaging has been excluded from this study.
4. A spillage occurs during the use phase for both products.
See summary at beginning of report
The stages o f the life cycle that are the same for both products are not counted within a 
sustainability assessment as it is assumed that the impacts will be simUar. Highlighted in blue and 
green are the stages o f the Ufe cycle that are to be considered within the sustainability assessment 
process.
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4 .7  Environmental indicators
4 .7  E n v i r o n m e n t a l  i n d i c a t o r s
4.7.1 CO2 emissions
The level of CO^ emissions is an important indicator of global warming.
Raw materials:
The CO2 emissions when extracting oil are considerable. In contrast plant-based oils are CO2 neutral Whatever is 
released during collection of the plants is taken up bj the growth of the next generation. In this case the oil-based 
received the value of 5  whilst the ynthetic was ranked at 3, because it still contains a percentage of oil
Production:
During production a certain amount of CO2 is released. The production processes are the same so the amount is fairly 
similar. However, the synthetic is slightly less because of the plant-derived components. Therefore, the oil-based was 
scored as 5  whilst the synthetic was given the value of 4.
Use:
During the use of the oil-based fluid a considerable amount of CO2 released in relation to the synthetic ester. The oil- 
based received the ranking of 3  whilst the synthetic was scored as 2.
4.7.2 Energy use
This indicator relates to the level of energy use for the product during the life cycle.
Raw materials:
The energy used to extract the raw materials for the oil-based are more than the synthetic fluid. Therefore, the oil- 
based was scored as 5, the synthetic at 4.
Production: The energy consumption per functional unit during the production o f a mineral oil-
based fluid (45,000MJ) is greater then for a synthetic ester (22,000MJ) (Vag et al.)
Following on from this information the oil-based was scored as 5  whilst the syntheticfluid was placed as 3.
Use:
The energj! requirements of both fluids are the same as they have both been designed for the same purpose. A s  both 
products require a minimum amount of energy during use, they have both been scored as 1.
4.7.3 Impact on water
The level of water required for production, and if spilt, the product’s level o f impact.
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Raw Materials:
The extraction of oil will have a limited impact on the significant quantity required. The growth of crops such as 
rapeseed require a certain amount of water and also there is also the possibility that leaching may occur that could 
damage local and ground water. The raw materials of oil-based were ranked as 3, the synthetic a 4.
Production:
The production of the synthetic and oil-basedfluids use similarproduction processes and so thy have both been given the score of 3.
Use: If  spilt biodegradable fluids wiU deplete oxygen levels within a river as they
biodegrade (McManus et al. 1999). 1 ml o f oil spilt in water can form a layer within 
an area o f 13m^ (Bunemann, 1999).
The depletion of oxygen levels caused by the syntheticfluid may affect the water in the event of a spillage. However, the 
impact of the oil-based is longer term with more complicated clean-up requirements. Therefore, the oil-based has been 
ranked as 5, the synthetic fluid at 3.
4.7.4 Impact on air
Level o f emissions such as NOg etc. are important because o f impacts such as atmospheric 
acidification, stratospheric ozone formation and photochemical ozone formation.
Raw materials:
The emissions from the extraction of the raw materials for oil-basedfluid are higher than for the gynthetic. Therefore, 
oil-based received a score of 5  whilst the synthetic was ranked as 3.
Production:
The production processes are similarfor both products. Therefore, both receive a ranking of 4.
Use:
The use of the synthetic fluid will lead to the release of less harmful emissions than the oil-based. Therefore, the 
synthetic fluid was scored as 3 whilst the oil-based received a 5. These rankings also correspond in the event of an 
incident because the synthetic would mean less harmful emissions.
4.7.5 Biodiversity reduction
Effect on biodiversity through issues such as increased or changed land use.
Raw materials: In round figures one hectare of land (in the UIQ should produce an average o f 3 
tonnes o f rapeseed at 40% oü content.
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A  considerable amount of land is required to produce sufficient amounts of rapeseed. By growing crops, such as 
rapeseed, there is the danger of producing monocultures that may reduce local biodiversity. The process of extracting oil 
may affect biodiversity because it also places certain pressures on the surrounding environment. The mineral oil was 
ranked 3 whilst the synthetic was placed at 4.
Production: N ot relevant
The production processes are similarfor both fluids. Therefore, the biodiversity impact does not need to be scored.
Use:
In the event of an incident causing a spillage during the use of the product the impact of the oilfluid will be considerably 
more than for the synthetic. The synthetic has biodegradable properties that are designed to reduce the toxicity of the 
fluid to the surrounding environment. In contrast, spillage from the mineral oil may result in long-term, even 
permanent damage, to the local organisms.
4.7.6 Toxic content
The release of toxic substances to the surrounding environment.
Raw materials:
The release of toxic substances is more for the extraction of oil than for the growth of rapeseed. The fact that the 
synthetic still includes some oil-based components means it has been ranked as 2. The oil-based fluid was placed as 3. 
There is not a great deal of distinction between the two products.
Production:
The production of the fluids produces slightly more toxic content that the raw materials. The difference between the two 
products remains with the syntheticplaced at 3 and the oil-based ranking at 4.
Use:
The use of the products does result in the release of toxic substances. The real dangers of toxicity are shown in the 
event of a spillage. In this case the oil-based has been allocated as 3 whilst the synthetic is 2.
4.7.7 Impact o f by-products /
This indicator relates to the level o f by-products from two products that require careful handling. 
Raw materials:
The by-products produced from the plant-derived components of the synthetic can be used as products such as cattle 
meal or straw. The impacts of the oil-based extraction are less useful to the local community and so the oil-based fluid 
has been ranked as 3. The synthetic includes some oil-based materials in addition to the plant-derived components and 
so it has placed as a 2.
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Production:
The by-products created during production are similar to the extraction phase and so the same ranking has occurred. 
The synthetic is placed at 2 the oil-based is at 3.
Use:
The use of the products, including the possibility of a spillage, leads to the rankings of 3 and 2.
4.7.8 Level o f non-recyclable materials used
Level o f non-recyclable materials used.
Raw Materials: The reserve o f oil is estimated at about 1.4 trillion barrels and is only sufficient to
last about 40 years even if the current consumption rate is maintained (World 
Energy Council figures).
The fundamental basis of sustainability and sustainable development is to ensure future generations can benefit from 
the same resources enjoyed by the current generation. The use of the oil reserves means it can no longer be used by 
future generations. The oil-based fluid relies heavily on non-renewable resources so it has been scored at 5. The 
gynthetic fluid allows a certain amount of plant-based components that are renewable to be used so it has been ranked 
as 2.
Production:
The production process is the same for both products so both have been placed at 3.
Use:
The use phase of both products is the same so they have both been ranked as 3.
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4 .8  S o c i a l  i n d i c a t o r s
4.8.1 Perceived risk
This indicator relates to the level o f risk society associates with the product and often differs greatly 
to the real level o f risk.
Raw materials:
The level of risk perceived bj society associated with the extraction of oil is high due to a number of incidents involving 
onshore and offshore plaforms. The crops used within the synthetic fuel also cany a level of risk perception because 
genetic modification and society's general uncertainty and distrust. This is particularly the case where the planting 
could cover extensive areas of land. However, the risk of oil extraction is considered higher so it was placed as 4 whilst 
the synthetic with its use of less oil and the introduction of crops was slightly less at 3.
Production:
The production of the products involves the same process. Certainly from society's perspective the manufacturingprocess 
would look the same. Both have been ranked as 3 but that could change if  the public surrounding the manufacturing 
sites were made aware of the differences.
Use:
The products are used in a similar way but the real difference occurs should the product be spilt. The fact that the 
gynthetic will biodegrade and will be quicker, safer and easier to clear-up will mean society's exposure to the spillage is 
reduced. Therefore, the synthetic was ranked as 2  whilst the oil-based was placed at 5.
4.8.2 Effect on society’s health
The extent to which the product or emissions resulting from the product affect people’s health. For 
example, impact on asthma sufferers.
Raw materials:
The extraction and processing of oil does cause significant levels of emissions that can be harmful to society. The 
majority of activities are carried out away from nearby communities. The growth of crops may affect society in terms of 
hay fever and asthma that are less harmful than the effects associated with oil However, crop growth tends to occur in 
closer proximity to the population. The oil-basedproduct was positioned as 4 whilst the gynthetic was ranked 3.
Production:
Since the production processes are similar, it is possible to place them both at 3.
Use:
During normal use the products have a similar effect in terms of society's health. However, if  a spillage occurs the
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gynthetic will hiodegrade and therefore the chances of human contact are reduced. The oil-based has been ranked as 4 
whilst the synthetic is at 1.
4.8.3 Product leads to reduced level o f jobs
This will have a negative impact on society. 
Raw materials Biomass growth wiU create 515,000 jobs to the agricultural industry. This increase 
takes into account the direct and indirect subsidy effects on employment and jobs 
displaced in oü production. Renewable technologies are generally more labour 
intensive (EUFORES).
The oil and gas extraction industry comprised about 311,000 wage and salary jobs in 
2000.
The fact that the use of crop-based materials will encourage the agricultural industry means the gynthetic product will 
not lead to a reduced level of employment. Therefore, the synthetic product has been ranked at 0. The oil-based 
product will also not lead to a reduced level of jobs in current terms, but it also does not encourage job creation. 
Therefore, oil-based has been ranked as 1.
Production: N ot relevant
The production processesfor both products are similar so it is irrelevant to highlight the level of job creation or loss.
Use: N ot relevant
The use is the same for both products and it is unnecessary to include a measure of job creation at this stage of the life 
cycle.
4.8.4 Effect on business perception (in event of incident)
I f  an incident occurs involving the product this indicator is intended to highlight the impact it wül 
have on the company.
Raw materials:
I f an incident occurs involving the extraction and processing of oil this can have a serious effect on a petroleum 
company. This has been ranked as 5. A n  incident involving the crop-based components of the gynthetic fluid could 
have serious repercussions on the business, but it is unlikely they will be as bad as an oil incident. Due to the fact oil 
is still a component within the synthetic it has been ranked as 3.
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Production:
The affect on business perception if  an incident occurs during the production of the products would be similar. 
Therefore, they have both been ranked as 4.
Use:
A n  incident occurring during the use phase of the products will be serious for the oil-basedfluid in terms of impact on 
the surrounding environment and visibility of the clean-up process. In comparison the synthetic will biodegrade so it 
has been ranked at 1 with the oil-based at 5.
4.8.5 N eed  for employee training
The introduction o f a product ideally needs to include a minimum level o f training. A high level of 
training means there is an increased chance of incident and can lead to a change in the workforce 
composition and level.
Raw materials:
Both products will require a minimum of training in terms of health and safety. No specialprocesses are undertaken. 
Both have been ranked as 1.
Production:
Both products will require a minimum of training in terms of health and safety. N o specialprocesses are undertaken. 
Both have been ranked as 1.
Use:
Both products will require a minimum of training in terms of health and safety. No specialprocesses are undertaken. 
Both have been ranked as 1.
4.8.6 Likelihood of employee injury
The likelihood o f employee injury must be minimised.
Raw materials: In 1999, the rate o f work-related injury and illness in the oü and gas extraction
industry, as a whole, was 3.5 per 100 fuU-time workers. This is less than for the 
entire private sector that had a figure o f 6.3 per 100 fuU time workers (US 
Department of Labour, 2002).______________________________________________
The safe levels of workingpractices in the oil extraction stage means it is placed as 3. This figure may change if  the oil 
industry levels of injury increase. The syntheticfluid includes crop-based material that is viewed as being slightly safer 
to work with - the chance of injury with farm equipment can be substantial - the synthetic has been ranked at 2.
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Production:
Thefact thatproduction processes arefairly similarfor the products means that they have both been ranked as 3.
Use: The material safety data sheets for both products are currentiy the same. Neither
products are mutagenic hazards nor carcinogenic. Both products can result in 
defatting o f the skin if  there is prolonged, excessive and/or repeated contact with 
the products. This can lead to irritation and possibly dermatitis, especially under 
conditions of poor personal hygiene. Skin contact should be minimised. Used oüs 
may contain harmful impurities that have accumulated during use. The 
concentration o f such impurities wiU depend on use and they may present risks to 
health and the environment on disposal. AU used oU should be handled with 
caution and skin contact avoided.
The fact that both products have similar impacts but there are dangers in the handling of both oils means thy have 
both been ranked as 3.
4.8.7 Restrictions on product availability
Are the raw materials available for the product to meet present and future demand?
Raw materials:
There is a limited amount of oil left, which restricts the oil-based product. The oil-based fluid has been placed as 4. 
The ynthetic fluid uses a proportion of oil but also uses the crop-based components that are renewable and will be 
available for future generations. Therefore, the ynthetic fluid has been ranked as 2.
Production:
Thy are both ranked because th y require similarprocesses at 3 and some of the materials required in production may 
become scarce as oil reserves begin to run low.
Use:
The restriction on product availability will be more for the yntheticfluid because it is more of a specialistfuel and is 
notproduced in such great quantities. The yntheticproduct is placed at 4, the oil-based at 3.
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4 .9  E c o n o m i e  i n d i c a t o r s
The following sections include the explanations for the indicators. The boxes are used to highlight 
the quantitative information. The text in italics explains the rankings that were given.
4.9.1 Cost o f labour
This indicator is included to show the cost o f employment for each stage of the product life cycle. 
It is closely related to the social indicators because the level o f pay reflects the number o f jobs and 
pay rates that will have an impact on the local community (related indicator: product leads to a 
reduced level o f jobs).
Raw materials: Average earnings in the oil and gas extraction industry were significandy higher 
than the average for aU industries. Based on US figures in 2000 private industry 
earnings per week is ^474. For the oü and gas industry this figure is $749 (US 
Department o f Labour, 2002).
Due to the high wages paid to oil workers the cost of labour was given as 5. Despite the likelihood of morejobs in the 
agicultural sector the reduced wage levels led to assigning the value 3.
Production: Due to the working conditions, employees on offshore operations (typically in the 
raw material phase) tend to earn higher wages than onshore workers. CoUege 
educated workers and technical school graduates in professional and technical 
occupations usually earn the most (usually within the production phase) (US 
Department of Labour, 2002).
The skills required during the production phase are likely to be similar for producing both types of products. Both 
products have received the value 3 for the production phase. This is included within the calculations - despite being the 
same - because it may change over time as technology advances so forfuture monitoring it may be important.
Use: N ot relevant.
The products are designed for the same use. This means the cost of labour in the use phase will be the same for both 
products and there is little likelihood of this changing. Therefore, this indicator has not been counted.
4.9.2 Likelihood of reduced performance
The product may suffer from a reduced performance level during use (in comparison to a product 
designed for the same use).
Raw materials: N ot relevant
This indicator relates to the use of the product. The performances of the raw materials, therefore, are irrelevant. 
Production: Not relevant
131
Volume II — Environmentally-acceptable hydraulic fluid case study
4 .9  Economie indicators
This indicator relates to the use of the product. The peformance of the production, therefore, is irrelevant. 
Use: Service life is the same for both fluids (Vag et al., 2002)
Both products have been given the value of 3 because of the same service level The indicator is included, though, 
because there may be a technological advance causing a change. I f plant-derived hydraulicfluid is produced the service 
level is significantly less compared to mineral oil-based fluid.
4.9.3 Cost of material input
The economic price o f the materials added to each stage of the product’s life cycle.
Raw materials: With the reliance on oil the raw materials wül have a higher cost compared to the 
synthetic hydraulic fluid that wül use a certain amount o f the cheaper rapeseed.
The mineral oil-based hydraulic fluid will have a higher cost of raw materials due to its reliance on oil The mineral 
oil-basedfluid was given the value of 5. Ey contrast the syntheticfluid will use a percentage ofplant-derived materials 
that will be cheaper because thy are easier to produce and collect. However, the inclusion of a certain amount of oil 
means the difference between the two products will not be substantial The synthetic, therefore, was given the number 4.
Production:
The cost of material input during the production phase will be the same for both products because the products are 
subjected to similar processes. Both products have been given the value of 3. It remains included within the analysis 
because technological change may cause it to change.
Use: Clean up costs are more for mineral oü-based if  spüt (McManus et al. 1999)
The cost of material input within the use phase will be the same at a value of 1. This is because both products will be 
used in the same way. Again, this value may change and so remains within the calculation.
4.9.4 Effect o f stakeholder intervention on business
This indicator relates to the damage that can occur to a business in the event o f an incident during 
the life cycle o f a product. The damage can manifest itself through damage to reputation or fading 
sales.
Raw materials:
A n  incident occurring during the extraction of the raw materials for an oil-based product are likely to be significant. 
Events such as the Tiper Alpha and the Sea Empress incidents highlight this fact. They have been given the value of
4. The impact of the yntheticfluid will include some oil but also some plant-derived inputs. A n  incident involving the 
plant-derived inputs will have significantly less impact on the business. The value of 2  has been given for the synthetic 
fluid because the chance of an incident, involving the oilproducts, could still have an impact.
132
Volume II -  Environmentally-acceptable hydraulic fluid case study
4.9 Economie indicators
Production:
jzwz/kr
Use: Leakage of hydraulic fluid in the US generally results in flnes up to $1500 (Sanibel 
Shared Vision, 2001). Polluting a tributar}^ of the small River Lee with oil cost a 
Hertfordshire company / '^l 0,000 and ^1,900 in costs. An investigation found 
extremely poor waste handling and storage procedures on site. Dmms and tanks 
containing waste liquids were leaking and staff made no effort to clean up any 
spillages. 600 litres o f lubricant oü had leaked into the yard from a damaged 1,000- 
ütre container, which had collected over one of the surface drains (information from 
the UK Environment Agency).
933
554
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n n
S p i l l a g e  t y p e
Out of the 6215 incidents involving oü throughout 2000, 4003 caused water poUution.
(W/r/g ^  m'/y & woM?
Ah fj/gr m/y Awf WA &
Awf ^  A jm/A^.
4.9.5 Limited recycling possibility after use
The recycling possibilities of the product and by-products should be considered because it can help 
to recover costs. The more recycling that is possible the more sustainable the product. Despite the 
values being the same throughout the life cycle of both products the values remain included within 
the measure because they are an important aspect of sustainabilip'-. If  a fuel could be derived that 
had recyclable elements it would make a real difference on the sustainability score of the product.
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Raw materials:
The raw materials of both products have no recyclingpossibilities after use. Both have been given the value of 5. 
Production:
The production processes of both products have no regcling possibilities; therefore, the value of 5  has been awarded for
Use:
Both products cannot be recycled once they have been used so the value of 5  was given.
4.9.6 Price of product for consumer
The higher the price, the less acceptable to the consumer.
Raw materials: N ot relevant
This indicator relates to the price for the consumer so it is unnecessary to distinguish the price of raw materials. 
Production: N ot relevant
This indicator relates to the pricefor the consumer so it is not necessary to distinguish the price of production processes.
Use: In the US: synthetic biodegradable fluids are in the $25-35 per gallon range;
vegetable-based fluids average $13 per gallon and high quality petroleum products 
cost $7 to $8 per gallon^____________________________________________________
Due to the ynthetic hydraulic fluid being more expensive than the mineral oil-based fluid the synthetic was ranked as 
5  whilst the mineral oil was placed at 4. The difference between the rankings is not more substantial because it is 
likely that as reserves of oil reduce, the price will beffn to increase considerably. In the long-term the mineral oil mcy 
become more expensive than the synthetic.
HarvestingLtibricantshY]&sûc2. Nelson “The Carbohydrate Economy” (vol. 3, issue 1, Fall 2000) 
http: /  /  www.carbohydrateeconomy.orp-/library/admin /  uploadedfiles /  Harvesting Lubricants.htm
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5.1 Food grade lubricants
5 . 1  F o o d  g r a d e  l u b r i c a n t s  
Comparison o f Cassida chain oil 1000 to Cassida chain oil 1000 aerosol spray.
5.1.1 Environmental Indicators
The C 0 2  emissions indicator is not included, because firstly, there is no data for this indicator. 
Secondly, differences in C 02  emissions will be due to energy consumption, counted in 2.1, rather 
than direct C 0 2  emissions from differences in packaging machinery, etc.
Impact on water supplies (amount required and likelihood/ impact o f leakage) is not included 
because the likelihood that the product could leak/ be spilled into water supplies is no higher for 
either o f the products. The impact - should it occur - would be the same for both the products. 
The production o f HD PE pails requires water for cooling but this is probably less than 
requirements for cooling water required for metal production.
Energy Use 
Packaging
The only differences in emissions will occur as a result o f the differences in packaging. Energy uses 
in the use and disposal stages are indirect emissions that are external to the boundary o f this study 
(for instance, energy required to recycle the products)
Packaging production: to package the same amount of product, approx. 11 aerosols are required 
opposed to 1 pail. We assume that similar amounts o f energy are required to produce the same 
weight o f steel and HDPE (due to the fact that HD PE requires catalytic cracking processes)
ITDPE chips are heated, melted and moulded to create a pail. Metal aerosol canisters wiU be formed 
and heat welded. Overall, slightly more energy will be used in the production o f 11 aerosol canisters 
as opposed to one 4.3kg H D PE pail
Chain Oil rank 2
Chain Oil Aerosol Spray rank 4
[Reference ranking:
least energy use example : cardboard packaging 
most energy use example: v high quality glass or metal]
Other emissions to air
In an efficient aerosol, the propellant will last as long as the product. Therefore o f the total volume 
of product used, 5-20% o f butane, 5-20% of propane, and 10-20% aliphatic hydrocarbon wül be 
released every time 0.4 kg o f product is used in an aerosol. This is effectively an LPG aerosol, which 
has significantly less impact on the ozone layer than CFC aerosols, but the emissions do stdU have a 
slight human health and environmental impact. Such emissions would occur in the packaging and
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use stages. The GWP of LPG is 3 whereas the GWP of CFCs is 700\  (CFC aerosols would provide 
an example of worst environmental impact — rank 5). These emissions wiU occur mostly at the use 
stage, although a small amount will occur at the packaging and disposal stages.
Packaging
Use
Chain Oü rank 0
Chain OÜ Aerosol Spray rank 1
Chain Oü rank 0
Chain Oü Aerosol Spray rank 2
Disposal
Chain Oü rank 0
Chain Oü Aerosol Spray rank 1
Toxic content - environmental fate and effect
Taking account o f risk of human injury here creates double counting with employee and customer 
injury. Therefore only count environmental fate and effect.
Packaging, use and disposal are stages where the environment could be exposed to the toxic 
content.
Packaging
Aerosol:
Aliphatic Hydrocarbon 
Environmental effects: N R 51/53 
Toxic and long-term effect.
Chain oü is not toxic but if released into the environment can be damaging to flora and fauna. 
Packaging
There is slightly more risk o f environmental damage at the packaging stage from plain chain oü, as 
the aerosol packaging is completely automated.
Chain Oü rank 2
Chain OÜ Aerosol Spray rank 1
Use
At the use stage the likelihood of leakage is again slightly higher for the paüs due to the higher risk 
of puncture o f a container that is kept for a longer period o f time.
Chain Oü rank 2
 ^Josua P. Meyer (1999) ’New Energy Efficient and EnvironmentaUy Friendly Safe Refrigerants in 
Domestice Refrigerators and Freezers’ Domestic Use o f Electrical Energy Conference 1999 Rand 
Afrikaans University
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Chain Oü Aerosol Spray rank 1
Disposal
At the disposal stage the paüs are either chipped and the oü is drained off, or paüs are landfüled.
The aerosols are landfüled. Landfüled paüs may lead to a smaU amount o f oü leakage, as wül crushed
and landfiUed aerosols. There wül be more residual oü from 10 aerosols than 1 paü.
Chain Oü rank 1
Chain Oü Aerosol Spray rank 3
A.mount of reycling!potential for recycling 
Disposal
Assume that neither o f the products can be recycled after the use phase.
Aerosols can be recycled but the process is more complicated and costly than recycling o f HDPE. 
[Reference ranking:
Best case (0): completely and easüy recyclable/reusable.
Worst case (5): completely non-recyclable or very difficult/un-economic to recycle. Aerosol is least 
recyclable/re-usable packaging option for this product but a CFC aerosol would be even more 
difficult to recycle due to the capture o f CFC.]
RP: No aerosols are recycled, but H D PE paüs are recycled.
Chain Oü rank 2
Chain Oü Aerosol Spray rank 4
Use of non-renewable materials
Secondary packaging waste such as palettes, cardboard and shrink-wrap are considered to have a 
simüar impact for both products and external to the boundary o f the system.
Packaging
More packaging is required to package the same amount o f product in aerosol form. H D PE cannot 
be from recycled sources because o f the quality of plastic required. Oü is a scarce resource 
compared to mineral ore; but the amount o f metal required is quite large. In addition the aerosol 
uses hydrocarbon propeUant — natural gas is a non-renewable resource.
Chain Oü rank 2
Chain Oü Aerosol Spray rank 3
[Reference rankings:
rank 0 example — no non-renewable materials — cardboard packaging 
rank 5 example — large amount o f non-renewable materials, e.g. plastic.]
Amount of solid waste
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Secondary packaging waste such as palettes, cardboard and shrink-wrap are considered to have a 
simüar impact for both products and external to the boundary o f the system.
Disposal
Plastic paüs can be recycled or re-used, but the aerosols are more likely to go to landfîU. The volume 
of waste generated wül be more for the aerosols considering the extra packaging required to package 
the same amount o f product.
[Reference rankings:
rank 0 example — no solid waste — delivered by tanker or reusable drums
rank 5 example -  most solid waste -  aerosols packaged in further plastic packaging.]
Chain Oü rank 2
Chain Oü Aerosol Spray rank 4
5.1.2 Social Indicators
‘Restriction o f product avaüability’ indicator taken out because it is not relevant in this case. 
‘Product benefit: convenience’ is added. This is a key social benefit of the aerosol, and balances the 
fact that customers pay more for exactly the same product packaged in a different way. Impacts of 
changed usage behaviour due to characteristics o f product are also not relevant — there are none.
Perceived risk 
Use & retaü
The public perception o f the product is good. Customers do not perceive the aerosol as more risky 
due to the flammable propeUant. They prefer the aerosol because o f its convenience and tend not to 
care about the hazard.
Food grade lubricants are known to be a high-risk area. We wül therefore assume that the users are 
aware that the consequences of oü coming into contact with food can be serious. However, they 
may be aware that the oüs are designed for incidental food contact and a smaU amount can be 
ingested with no Ü1 effects. In addition, customers do not perceive that oü mist created by the 
aerosol has any more potential to come into contact with food or food packaging. The perceived 
risk o f both products is therefore low for customers. Public opinion is not particularly relevant at 
the use stage, because the public is unlikely to distinguish between which o f these products has been 
used unless it affects the foodstuff they purchase, which it is urüikely to. The plain chain oü may be 
more likely to be spüt, whereas the aerosol flammabüity and oü mist are recognized risks. (Note this 
is a very difficult indicator to rank because we cannot know what risks wül be perceived) 
best case - rank 0 — no risks perceived — e.g. benign chain oü in low risk application 
worst case — rank 5 -  high risks perceived -  e.g. higher risk product such as standard oü being used 
in food related applications.
Chain Oü rank 2
Chain Oü Aerosol Spray rank 3
Disposal
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Environmental groups are adverse to landfill waste and the aerosol generates more landfill waste. 
The likelihood that this will be an issue is small but not negligible. However the public wiU see 
HD PE recycUng as an environmentaUy good deed.
Chain OU rank 0
Chain OU Aerosol Spray rank 2
Effect on society’s health
‘Society’ here does not include company employees, but does include customers. We therefore only 
consider the use stage.
Take into account the severity and likelihood o f possible incidents.
Chain Oil
No dangerous components/constituents 
Chain O il Aerosol Spray
Hydrocarbon solvent & hydrocarbon propeUant 
Butane, propane — 5-20% F,R12: highly flammable.
AUphatic Hydrocarbon -  10-20% - Xn,Xi, ,R38,R65,.
Harmful 
Irritating to skin
May cause lung damage if swaUowed 
Use & retaU
We are comparing the same amount o f product.
Possible incidents from using the product: aerosol propeUant ignition is a low risk in factories due to 
the safety precautions taken and eUmination of ignition sources. Therefore severity could be high 
but risk low.
Risks are involved in handUng both products.
The chances o f inhalation are sUghtly higher with the spray.
The chances o f the product coming into contact with skin are sUghtly higher with the plain chain oU. 
The chances o f oU contaminating foodstuffs is the same in both cases. In severe cases, very sUght 
food poisoning could occur. The Ukelihood o f this happening is reasonably low considering the 
number o f incidents that have been recorded, bearing in mind the amount o f food grade lubricants 
used.
Worst case -  aerosols and plain chain oU used without proper safety measures.
Best case - aU proper safety precautions taken
Chain OU rank 2
Chain OU Aerosol Spray rank 3
Disposal
In the disposal stage there is a greater chance of incident in disposing o f spent aerosol cans than 
paUs or drums. Safety measures are unUkely to be as stringent on landfiU sites as on SheU sites. 
Members o f the pubUc could be exposed to waste aerosols in some cases. OU could escape into 
water suppUes from both products.
Chain OU rank 1
Chain OU Aerosol Spray rank 3
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Product leads to reduced employment 
Packaging
The only differences in labour requirements will be in the packaging stage.
Aerosol spray requires less work in production because the process is automated, although some 
labour is involved in moving the packs around. Plain chain oü pads on the other hand are labeled by 
hand, and loaded manually. More labour is therefore required to package the pads.
Reference ranking:
Worst social impact: no labour required : highest ranking (5)
Positive social impact: extra labour required, lowest ranking (0)
If  plain chain od were to replace aerosol, less labour would be required.
Chain Od rank 2
Chain Od Aerosol Spray rank 4
Ukelihood of employee injury 
Packaging
There is little risk o f employee injury during Idling of aerosols because the process is automated.
Risk of employee injury in packaging od in pads and drums is slightiy higher due to the manual
movement o f the packages, e.g. carrying packs around, 
highest possible risk — manual Idling o f aerosols
Chain Od rank 3
Chain Od Aerosol Spray ’ rank 2
Product benefits: convenience
The aerosol spray is purchased despite its higher price because o f its convenience, 
greatest positive social impact:
score 0 -  highly convenient e.g. Shed provides a service 
score 5 — highly inconvenient — product cannot be applied easdy
Chain Od rank 4
Chain Od Aerosol Spray rank 1
Does the product/production meet legislative requirements in all countries?
The more legislation the product meets, the greater the social benefit. The entire Cassida production 
process is undertaken in Switzerland, and the U.S./European regulations applying to food grade 
lubricant production are the highest in the world. The food grade regulations are therefore complied 
with.
The 5 litre pad does not have labeling in the correct language for Brazd and China. These need to be 
applied manuaUy. Processes are required to ensure the correct labeling.
The Aerosol does not have the correct labeling for Australia, because their ‘flammable’ sign is a 
square as opposed to a diamond.
In addition, the canister is too smad to fit ad o f the labeling required in ad languages required. A 
‘book’ label is therefore being developed. The labels can be peeled off untd the appropriate language 
is reached.
However Sheds legal compliance with aerosols is a lot better than a lot o f aerosol manufacturers.
141
Volume II — Swedish portfolio case study
5.1 Food grade lubricants
Chain Oü rank 1
Chain Oü Aerosol Spray rank 3
5.1.3 Econom ic Indicators
Initially, the indicator: Likelihood o f reduced performance was used. RP told me that both products 
perform equally well and neither has to be used in greater quantities. However the major advantage 
of the aerosol is the convenience o f application. This is a social indicator. It is debatable whether 
this indicator should be included or not, because the ‘performance’ o f the product is taken into 
account in the marketing mix, and the convenience could be considered to be an aspect o f the 
performance o f the product anyway — but it is a social benefit unlike most performance benefits that 
are actually economic benefits.
Cost of labour 
Packaging
The only difference in the labour required along the supply chain of these two products is in the 
packaging stage.
Most benefit would be very smaU labour costs (very simple or completely automated packaging 
process); least benefit would be extremely high labour costs (amount and quality o f labour). These 
products faU in the middle because o f the high standards applied to food grade lubricants. More 
labour wül be required for the production of aerosol sprays, in addition to the training required to 
comply with GMP^ process for filling sprays.
Chain OÜ rank 3
Chain Oü Aerosol Spray rank 5
Cost of material inputs 
Packaging
The only difference in material inputs for these two products is in the packaging stage.
We WÜ1 compare 10 0.4kg sprays with a 4.3 kg High Density Polyethylene paü. The H D PE is 
cheaper than the metal required to make the aerosol canister. In addition, approximately 11 aerosol 
canisters would be required to package the same amount o f product.
The other material inputs at the pac^ging stage are propane (5-20%), butane (5-20%) and aliphatic 
hydrocarbon (10-20%).
We can assume that the costs involved in the production o f such components is not negligible. 
(Beat Buerki could not give me information regarding the costs o f these components due to 
confidentiality)
Most benefit: material inputs cost v. little e.g. abundant ‘free’ (e.g. water) propeüant, cheap 
packaging
Least benefit: v expensive propeüant & canister. Tending to expensive side due to quality required. 
RP indicated that the 5 litre chain oü should rank ‘medium’ because the cost o f material inputs in 
packaging is effectively zero when products are loaded directly into tankers. 5 litre paüs are therefore
 ^ Good Manufacturing Practice Regulations promulgated by the US Food and Drug Administration under the authority of the 
Federal Food. Drug, and Cosmetic Act http:// www.gmpist.com/complian.htm:
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somewhere in the middle. The aerosol packaging is not the most expensive option possible because 
it is made out o f tin plate and is therefore less expensive than for instance, aluminium.
Chain Oil rank 3
Chain Oü Aerosol Spray rank 4
Effect of stakeholder intervention on business in the event of an incident 
(e.g. damage to reputation — falling sales.)
We wiU only consider the use stage because incidents that occur ‘on-site’ with a particular product 
are unlikely to cause stakeholder intervention, because the public wül not distinguish between one 
product or another; they wül just know that an accident occurred.
Use
The likelihood of an incident is slightly higher with the aerosol spray due to the oü mist created and 
the likelihood of the oü coming into contact with food, but RP indicated that this actuaUy creates 
very little difference in risk. In addition, no incidents have happened in the past with these products; 
and the likelihood that customers would get to know is smaU as the company would not publicise it. 
Many thousands o f food grade lubricants and fuels are used and very few contamination cases have 
actuaUy been reported, although the cost o f food contamination incidents is high because o f the 
perceived direct impacts on customer health, and this can have an impact in terms o f tines and loss 
of business.
We consider the best case to be completely benign products that would be invisible if they 
contaminated food. And we assume that the worst case would be non-food grade lubricants used in 
food/packaging applications. I f  these contaminated food the public reaction would be much worse. 
These two products are tending towards the ‘best case’ rather than the ‘worst case’.
Chain Oü rank 2
Chain OÜ Aerosol Spray rank 3
Price of the product for the consumer
Cassida Chain Oü 1000 : $12/ütre
Cassida Chain Oü 1000 Aerosol Spray $20/litre
However a 400ml spray is obviously cheaper than a 5-ütre paü. In this indicator we should take the 
price per litre, but include a social indicator to rank the convenience o f the product. The purchase 
of the more expensive product does not make economic sense - but consumers may not want to 
outlay the larger amount o f money in one purchase -  this is an element o f human behaviour.
The aerosol spray is the most expensive form that this product can be bought in. The paü is the 
next most expensive, then comes the 201 and 1001, then it can be delivered by tanker. Therefore
Chain Oü rank 4
Chain OÜ Aerosol Spray rank 5
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Profit from the productfor the company
We compare the same volume of product. The amount of product sold in Sweden is not taken into 
account, because the tool is designed to assess the impact of selling more or less of a product, and 
total Swedish profit figures would disguise the profit from individual products. Profit from a litre of 
aerosol is approx. $6.50 whereas profit from a litre packaged in a 5 1 paü is approx $3.00. 22 litre 
drums, 209 litre dmms and tanker deliver}’ wiU each have less profit associated with them.
Most economic benefit/profit (lowest negative economic impact) rank 0 
least economic benefit/profit (highest negative economic impact) rank 5
Chain OÜ
Chain Oil Aerosol Spray
rank 2 
rank 0
P ro d u c t  c a te g o ry
1. Product 1
2. Product 2
F o o d  g ra d e  lu b ric an ts
Cassida chain oil 1000 
Cassida chain oil spray 1000
LIFE CYCLE STAGES
Indicator Packaging Use (and retail) Disposai Complete
Product 1 Product 2 Product 1 Product 2 Product 1 Product 2 LG ranking
Energy use 2 4 -2
C02 emissions 5 3 5 4 5 2 6
Other emissions to air 0 1 0 2 0 1 -4
Impact on water supplies - amount required, impact if split 3 4 3 3 5 3 1
Environmental fate & effect 2 1 2 1 1 3 0
Use of non-renewable materials 2 3 -1
Recyclability 2 4 -2
Amount of waste to landfili/spec.waste. 2 4 -2
Biodiversity reduction 0
By-product utility 0
Environmental indicators summed 14 16 10 10 15 17
% of total unsustainability 46.66667 53.33333 50 50 50 56.66667
difference in percentage - SUSTAINABILITY IvIEASURE -7 0 -7 -13
Perceived Risk 2 2 0 1 -1
Effect on society's health 2 3 1 2 -2
Product leads to reduced employment 2 4 -2
Likelihood of employee injury 3 2 1
Restriction on product availability 3 3 0
Impacts of changed usage behaviour due to characteristics of product 0
Need for employee training 1 1 1 1 1 1 0
Meets legislative requirements 1 3 -2
Product benefit: convenience 4 0 4
Social indicators summed 6 7 13 12 2 4
% of total unsustainability 24 28 52 48 10 20
difference in percentage - SUSTAINABILITY MEASURE -4 4 -10 -10
Cost of labour 3 5 -2
Cost of material inputs 3 4 -1
Effect of stakeholder intervention 2 3 -1
Profit from the product 2 0 2
Price of the product 4 5 -1
Likelihood of reduced performance 3 3 0
Economic indicators summed 6 9 8 8 3 3
% of total unsustainability 60 90 53 53 60 60
difference in percentage - SUSTAINABILITY MEASURE -30 0 0 -30
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5 .2  M e t a l w o r k i n g  f l u i d s  
Comparison o f Sitala B402 to Sitala D201.03
5.2.1 Environm ental indicators
C 0 2  emissions are not counted because the only differences in C 02  emissions would be as a result 
o f increased energy usage.
Energy use 
Blending
The production and addition of boron will require slightly more energy at the blending stage.
Best case scenario (rank 0): Very low energy usage, very simple product 
Worst case scenario (rank 5): Energy intensive production process
Sitala B402 rank 2
Sitala D201.03 rank 3
Disposal
The same amount of energy wiU be used to separate and dispose o f the products. In future, 
products may be designed which do not need to be incinerated.
Sitala B402 rank 3
Sitala D201.03 rank 3
Other emissions to air 
Blending. Use
The emissions to air from energy usage are not counted because that would create double counting. 
Emissions could occur from any evaporative additives. The emissions to air from both these 
products win be very similar.
Sitala B402 rank 2
Sitala D201.03 rank 2
Impact on water supplies - amount required, impact if  it escapes into water supplies 
Disposal
The impact on water supplies has been felt in Italy, where boron can be carried to water treatment 
plants and therefore found in irrigation water. While boron is essential to plant growth^, above 
certain levels boron can have a negative effect on citrus plants. This could conceivably impact other 
flora.
Sitala B402 rank 2
Sitala D201.03 rank 3
 ^’ Food and Nutrition Board Establishes safe level for boron.’ http://www.borax.com/newsl6.html
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Environmentalfate <& effect 
Disposal
In large doses, (250-350 mg per kg o f body weight) boron has been found to be lethal^.
However the risk that boron could be ingested in these volumes is very slight. The environmental 
fate and effect o f the two product will therefore be similar. The impact on water supplies has been 
counted in the previous indicator, so both products receive the same ranking for this indicator.
Sitala B402 rank 3
Sitala D201.03 rank 3
Use of non-renewable materials 
Blending
Borates are mined and are a non-renewable material. Boron is present in very small quantities in 
Sitala D201.03 and therefore creates a slight difference in the use o f non-renewable materials
Sitala B402 rank 2
Sitala D201.03 rank 3
Rfcyclability
Disposal
The products have a relatively long lifetime, and at the end of their lifetime they are disposed of. 
Both products receive the same ranking for this indicator
Sitala B402 rank 5
Sitala D201.03 rank 5
Amount of waste to landfill! special waste 
Disposal
Upon disposal, the products are separated into water and oü phases. The oü is incinerated, and the 
water is sent to water treatment plant. The boron does not make a difference to either o f these 
stages. They are ranked at ‘medium/high’ impact due to the need for incineration and water 
treatment, whereas a simüar product that had higher recyclability would receive a lower score.
Sitala B402 rank 4
Sitala D201.03 rank 4
5.2.2 Social Indicators
Perceived Risk 
Use
Boron is expected to be the next ‘big issue’ in the MWFs sector. Discussions are ongoing in the 
Netherlands about boron, and it is expected that boron may be subject to forthcoming regulation. 
The Product Data Sheet states ‘boron free’ so this is an issue that some customers wül be concerned 
about. However these issues are not widely known in Sweden. Both products have some risk
‘World Health Organisation Guidelines for drinking water quality: Boron’ 
http://www.who.int/water sanitation health/GDWO/Chemicals/boronfull.htm
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phrases associated with them and wül therefore be ranked medium. Anders Hultgren indicated that 
the customers tend not to alter their purchase behaviour due to the presence o f boron or otherwise. 
This may be because commercial customers are more concerned about economic issues and are not 
affected by emotive issues. Both products are ranked medium due to the risk phrases associated 
with the products.
Sitala B402 rank 3
Sitala D201.03 rank 3
Effect on society's health 
Use
Society includes customers and the public but not company employees. The risk phrases associated 
with the products are in the table below.
Sitala B402 Irritant
substances
<20%
Xi, R36/38 
Irritating to 
eyes, skin
Polypropylene
glycol
1-3%
Xn,R22 
Harmful if 
swaUowed.
Sitala D201.03 Surfactant
1-2%
R36/38
Irritating to 
eyes, skin
Biocide
3%
R22-36/37/38
Harmful if 
swaUowed. 
Irritating to 
eyes,
resp.system and 
skin
alkanolamine 1 
1-2%
R20-36/37/38
Harmful by 
inhalation 
(moderately toxic) 
Irritating to eyes, 
resp.system and 
skin
alkanolamine 3 
3%
R36
Irritating to eyes
Note that the MSDSs are in a different format so D201.03 is not necessarily more toxic. The 
information is given in a more detaüed format in the older MSDS, whüe new MSDSs do not give 
names and quantities o f components due to confidentiality. We know that boron is the only 
difference in these two products. The smaU amount o f boron in the neat product wül make a very 
smaU difference to the toxicity o f the product.
Neat product is hazardous but its emulsions and/or solutions are not hazardous according to EC 
standards.
Potential risks due to foreseeable improper use o f the product are: wrong working procedures, 
inadequate ventilation, use o f inadequate detergents and re-conditioning creams (alcohol,abrasive or 
solvent-based). This could cause skin irritation and/or irritation o f the respiratory tracts 
Both products are therefore ranked medium/high due to the health effects o f exposure to the neat 
product.
Sitala B402 
Sitala D201.03
rank 4 
rank 4
5 Safety Form, according to EC Directive 93/112, Shell Sitala D201.03
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Product leads to reduced employment 
Blending
Slightiy more work is required to produce the product with boron. Both products require a large 
amount o f processing and are therefore both ranked reasonably low. In future a new material may 
be developed to perform the function o f boron, which may require more labour — this would be the 
‘best case’ in terms o f employment.
Sitala B402 
Sitala D201.03
rank 2 
rank 1
Restriction on product availability 
Use (retail)
There are no restrictions on the availability of either o f these products. Some products may have 
newly developed components which may not be produced in sufficient volumes — products with 
such components would be ranked 5. Products that are easily and completely available in the 
country o f interest would rank 0. Both o f these products therefore rank 0.
Sitala B402 
Sitala D201.03
rank 0 
rank 0
Ukelihood of employee injury 
Blending
for the products are as follows.
Sitala B402 Irritant
substances
<20%
Xi, R36/38 
Irritating to 
eyes, skin
Polypropylene
glycol
1-3%
Xn,R22 
Harmful if 
swallowed.
Sitala D201.03 Surfactant
1-2%
R36/38
Irritating to 
eyes, skin
Biocide
3%
R22-36/37/38
Harmful if 
swaUowed. 
Irritating to 
eyes,
resp.system and 
skin
alkanolamine 1 
1-2%
R20-36/37/38
Harmful by 
inhalation 
(moderately toxic) 
Irritating to eyes, 
resp.system and 
skin
alkanolamine 3 
3%
R36
Irritating to eyes
In the blending plant, employees wiU be handling the neat additives, so the risks are higher than 
handling the blended product. The boron increases this risk slightly.
Sitala B402 
Sitala D201.03
rank 3 
rank 4
Product benefit: convenience 
Use
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Neither o f the products are more convenient than the other. A new application method, or a service 
provided by Shell, would be more convenient. Both o f these products therefore receive a medium 
ranking.
Sitala B402 rank 3
Sitala D201.03 rank 3
5.2.3 Econom ic indicators
Price of the product
Use (retail)
The boron-free product (B402) costs approximately 5% more than the product with no boron. If  a 
new component is produced to replace boron this could cost more (for example, a new component 
has been developed to replace amines and this costs approximately 25% more). Such a product 
would rank 5. D201.03, according to the PDS, is a low cost version of D201, due to the lubricity 
additives in the higher cost version. Product with extra additives would rank 4. The cheapest 
possible product in this type o f application would rank 0.
Sitala B402 rank 3
Sitala D201.03 rank 2
Cost of labour 
Blending
Slightly more work is required to produce the product with boron. Both products require a large 
amount o f processing and are therefore ranked medium to reasonably high. In future a new 
material may be developed to perform the function o f boron, which may require more labour — this 
would be the ‘best case’ in terms o f employment.
Sitala B402 rank 3
Sitala D201.03 rank 4
Cost of material inputs 
Blending
The boron costs slightly more to produce.
Higher costs to the company = worse economic impact.
Worst company impact: I f  a new component is produced to replace boron this could cost more (for 
example, a new component has been developed to replace amines and this costs approximately 25% 
more). This would rank 5.
Best company impact: The cheapest possible product in this type of application would rank 0.
Sitala B402 rank 2
Sitala D201.03 rank 3
Effect of stakeholder intervention 
Use
If  boron does become a regulatory issue then the impact o f an accident with the boron containing 
product may influence the sales of the product; boron is only currently seen as a dangerous 
constituent in the Netherlands. It could soon be o f concern throughout Europe, although
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commercial customers are not affected by emotive issues as much as individual consumers. The 
products pose low to medium risks due to the toxicity o f the product.
Sitala B402 rank 2
Sitala D201.03 rank 3
Disposal
At the disposal stage boron may be found in water treatment plants and can affect the public more 
than at the use stage, and may create public pressure to regulate boron.
Sitala B402 rank 1
Sitala D201.03 rank 2
Profit from the product 
Use & retail
The profits rankings are in line with the price rankings above. Higher profit = positive company 
impact = lower scores. The product containing boron (D201.03) produces approximately 5% more 
profit than the product with no boron.
Sitala B402 rank 3
Sitala D201.03 rank 2
Ukelihood of reducedperformance 
Use
There is a slight difference in the performance. These products are used in circulation systems, and 
topped up occasionally due to losses. At the end o f the product lifetime, it has to be replaced 
completely. The product without boron has to be replaced slightiy more frequently, because it is 
more prone to bacterial growth. This is because the amines evaporate more quickly from the 
product without boron.
Sitala B402 rank 3
Sitala D201.03 rank 4
Meets legislative requirements 
Use & retail
Discussions are currently going on in the Netherlands as to whether boron should be legislated or 
not. In future, if boron becomes regulated then meeting the regulations may be a challenge. 
However, currently both products meet all legislative requirements. Due to the toxicity o f the 
products, transportation, handling, storage and labeling are aU regulated. The products therefore 
both receive a medium ranking.
Sitala B402 rank 3
Sitala D201.03 rank 3
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P ro d u c t  c a te g o ry
1. Product 1
2. Product 2
M etalw orking  flu id s
Sitala B402 
Sitala D201.03
LiFE CYCLE STAGES
I n d ic a to r Blending Use {and retail) D isposal Com plete
Product 1 Product 2 Product 1 Product 2 Product 1 P roduct 2 LC ranking
Energy use 2 3 -1
0 0 2  emissions 0
Other emissions to air 2 2 2 2 0
Impact on water supplies - amount required, impact if split 2 3 -1
Environmental fate & effect 3 3 0
Use of non-renewable materials 2 3 -1
Recyclability 5 5 0
Amount of waste to landfili/spec.waste. 4 4 0
Biodiversity reduction 0
By-product utility 0
Environmental indicators summed 6 8 2 2 14 15
% of total unsustainability 40 53 40 40 70 75
difference in percentage - SUSTAINABILITY MEASURE -13 0 -5 -18
Perceived Risk 3 3 0
Effect on society's health 4 4 0
Product leads to reduced employment 2 1 1
Likelihood of employee injury 3 4 -1
Restriction on product availability 0 0 0
Impacts of changed usage behaviour due to characteristics of product 0
Need for employee training 0
Meets legislative requirements 3 3 0
Product benefit: convenience 3 3 0
Social indicators summed 5 5 13 13 0 0
% of total unsustainability 50 50 52 52 0 0
difference in percentage - SUSTAINABILITY MEASURE 0 0 0 0
Cost of labour 3 4 1 1 -1
Cost of material inputs 2 3 1 1 -1
Effect of stakeholder intervention 2 3 1 2 -2
Profit from the product 3 2 1
Price of the product 3 2 1
Likelihood of reduced performance 3 4 -1
Economic indicators summed 5 7 11 11 3 4
% of total unsustainability 50 70 55 55 20 26.66667
difference in percentage - SUSTAINABILITY MEASURE -20 0 -7 -26.66667
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5 .3  I n d u s t r i a l  l u b r i c a n t  — h i g h  v i s c o s i t y  ( s t e a m  c y l i n d e r  o i l )  
Comparison o f Valvata J 460 to Vitrea 460.
5.3.1 Environmental indicators
C 02 emissions
Transportation
Both o f the products are imported from Finland. The C 02  emissions as a result o f transportation 
are higher than if the product was produced in Sweden, but lower than if the product was imported 
from Canada for instance. Both products therefore receive a medium ranking
Vitrea 460 rank 3
Valvata J 460 rank 3
Energy use 
Blending
Valvata contains 10% additives, so the energy involved in producing and blending these additives 
win add slightly to the overall energy use. Neither o f the products have a particularly high energy 
use.
Vitrea 460 rank 2
Valvata J 460 rank 3
Other emissions to air 
Disposal
These oils are not recycled, but will be disposed o f either to landfill or incinerated. If  incineration 
temperatures are not high enough - as does occur occasionally - particulate emissions can occur. 
Neither o f these oils would lead to higher particulate emissions and in addition, if the incineration is 
carried out correctly then no emissions will occur Both these products therefore receive ranking 1
Vitrea 460 rank 1
Valvata J 460 rank 1
Impact on water supplies - amount required, impact if  it escapes into water supplies 
Blending, use.disposal
The requirements for water are not increased by the blending process, and the impact on water 
supplies if split at the blending, use or disposal stage are the same for both products. Both products 
therefore receive a medium ranking for all three life cycle stages
Vitrea 460 rank 3
Valvata J 460 rank 3
 ^Collection o f Used Oil and Grease & Subsequent Safe Disposal http://sww.lubricants.shell.com/supply-quality-hse/
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Environmentalfate <& effect
The environmental fate and effect o f both these products is very similar, neither is readily 
biodegradable in the environment and both can cause physical fouling o f aquatic organisms. 
Spillages could occur at the blending and use stages but the product is more likely to escape into the 
environment at the disposal stage. These products are not recycled but may be disposed to landfill. 
Used oil can contain harmful impurities that can present risks to the environment on disposal, thus 
increasing the risk o f adverse environmental impact at the disposal stage.
Blending
Use
Vitrea 460 rank 1
Valvata J 460 rank 1
Vitrea 460 rank 1
Valvata J 460 rank 1
Disposal
Vitrea 460 rank 4
Valvata J 460 rank 4
Use of non-renewable materials 
Blending
Valvata contains 3% acidless tallow oil whereas vitrea is 100% mineral oil. Tallow oil is derived from 
animal sources and is therefore renewable, but it is a small percentage and therefore only makes a 
small difference. It is conceivable that oil in this application could have a large percentage of plant- 
based oil; this would rank 0.
Vitrea 460 rank 5
Valvata J 460 rank 4
Recyclability
Disposal
Neither o f these products are recycled. Used oil can be reprocessed into re-refined base oil. The 
product with additives is slightiy less recyclable due to the difficulties o f purifying the oil with the 
additives as opposed to the pure mineral oü. Alternatively used oü can be used as fuel in cement or 
lime kilns^, in which case both products are equaUy recyclable.
Vitrea 460 rank 3
Valvata J 460 rank 4
Amount of ivaste to landfill! spec, waste
Collection o f Used Oil and Grease & Subsequent Safe Disposal http://sww.lubricants.shell.com/supply-quality-hse/
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Disposal
Neither o f these products would cause more waste to landfill. If  the product is being disposed to 
landfill then the complete product is disposed of.
Vitrea 460 rank 3
Valvata J 460 rank 3
5.3.2 Social Indicators
Perceived PJsk 
Use
The perceived risk is no higher for either o f these products. According to the Technology Manager 
(Marita Nilsson), customers choose whichever product is suited to their application, without regard 
for any possible perceived environmental or safety benefits. This may be due to the fact that 
commercial customers are driven more by economics than emotions.
Vitrea 460 rank 3
Valvata J 460 rank 3
Effect on society's health 
Use
Hazards from both products include defatting o f the skin as a result o f prolonged or repeated 
contact, leading to irritation or dermatitis; there can be a risk o f inhalation o f vapours, mists or 
aerosols, in which case proper ventilation is required. Cloth, paper and other materials that have 
been used to absorb spill present a fire hazard. However, neither o f these products presents a 
greater hazard o f any of these issues. Both products are therefore ranked 3. A high ranking could 
occur if a toxic additive was added; or if  the product was used without proper safety precautions. A 
low ranking would occur for a completely benign product.
Vitrea 460 rank 3
Valvata J 460 rank 3
Product leads to reduced employment 
Blending
Slightly more work is required to create the additives for the Valvata product. The additive package 
is not a large component o f the product. A synthetic product would require more work to produce 
and would therefore receive a ranking o f 0; some plant based oils may in future require less work, 
also Vitrea is highly refined although it has no additives, and therefore scores 1.
Vitrea 460 rank 3
Valvata J 460 rank 2
Restriction on product availability 
Use (retail)
There are no restrictions on the availability o f either of these products. Both products receive 
ranking 0.
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Ukelihood of employee injug 
Blending
The Valvata product is blended whereas the Vitrea product is not, leading to slightiy higher risks in 
handling o f drums of additives, etc. None o f the additives themselves are more toxic than the base 
oil. Toxic additives would increase the likelihood o f employee injury — this would rank 5.
Vitrea 460 rank 2
Valvata J 460 rank 3
Product benefit: convenience 
Use
Neither o f these products are more convenient than the other, as they are sold in the same kinds of 
packages and designed to be applied in the same way. The highest level o f convenience (rank 0) 
would occur if Shell provided a service. Both of these products therefore rank medium.
Vitrea 460 rank 3
Valvata J 460 rank 3
Meets legislative requirements 
Use & retail
According to the Swedish Technology Manager Marita Nilsson, both o f these products meet all of 
the relevant legislation in all countries. A product with more toxic additives would require hazard 
labeling in all languages, which would be a challenge to meet, (rank 5) whereas a completely benign 
product would rank 0. Both of these products therefore rank 0.
Vitrea 460 rank 0
Valvata J 460 rank 0
5.3.3 Econom ic indicators
Cost of labour 
Blending
Slightiy more work is required to blend the Valvata product. This costs the company slightiy more 
and is therefore has a slightiy greater economic impact. The additive package is not complex 
however, so the vitrea ranks 1 and valvata 2.
Vitrea 460 rank 1
Valvata J 460 rank 2
Cost of material inputs 
Blending
The cost of material inputs for Valvata J 460 are slightiy higher due to the highly refined additives 
and tallow oil that are added. These are not high compared to more complex additive packages 
however. Plant based oils would cost less again. Vitrea therefore ranks 2 and Valvata 3.
Vitrea 460 rank 2
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Valvata J 460 rank 3
Effect of stakeholder intervention
Accidents that could occur at the use and disposal stages that could affect stakeholders are spillages 
or injury/accident resulting from improper use/disposal. Neither o f these products are 
biodegradable or more toxic than the other (none of the additives in Valvata have risk phrases 
associated with them). A product with more toxic additives may have more stakeholder intervention 
impact. A biodegradable product would have less impact in the event o f a spillage. Both o f these 
products are therefore ranked medium for use and disposal stages.
Use
Vitrea 460 rank 3
Valvata J 460 rank 3
Disposal
Vitrea 460 rank 3
Valvata J 460 rank 3
Profit from the product 
Use & retail
Both o f these products are sold at the same price yet the cost o f the material inputs is slightiy higher 
for Valvata. Slightiy more profit therefore accrues from Vitrea compared to Valvata. However 
neither product returns high profits. A premium product with more additive advantages, or a service 
provided by Shell would result in most profit (rank 0). Vitrea therefore ranks 3 and Valvata ranks 4, 
considering these are basic products with little and no additive technology.
Vitrea 460 rank 3
Valvata J 460 rank 4
Price of the product 
Use (retail)
These two products are sold at exactly the same price in Sweden, at 17.10 SEK/litre. A product 
with more additives would cost more. They are both ranked low/medium. This indicates that the 
economic impact on customers is quite low compared to other products.
Vitrea 460 rank 2
Valvata J 460 rank 2
Ukelihood of reducedpeformance 
Use
The additives in Valvata include acidless tallow oil and a pour point depressant to maintain the 
viscosity of the product. It has improved stability and lubricity associated with classic fatty acid 
compounded oils. The performance o f the Valvata product is therefore better. More additives 
would improve the performance further, and would receive ranking 0. The Vitrea product has no 
additives at all and therefore has reduced performance; but the oü wül perform better than a plant 
based oü for instance. Vitrea therefore ranks 4 and Valvata 3.
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Vitrea 460 
Valvata J 460
rank 4 
rank 2
P ro d u c t c a te g o ry
1. Product 1
2. Product 2
S team  cy linder oil
Vitrea 460 
Vaivata J 460
LIFE CYCLE STAGES
I n d ic a to r Blendin 3 Use (and retail) Disposal Complete
Product 1 Product 2 Product 1 Product 2 Product 1 Product 2 LC ranking
Energy use 2 3 -1
0 0 2  emissions 3 3 0
Ottier emissions to air 1 1 0
Impact on water supplies - amount required, impact if split 3 3 3 3 3 3 0
Environmental fate & effect 1 1 1 1 4 4 0
Use of non-renewable materials 5 4 1
Recyclability 3 4 -1
Amount of waste to landfili/spec.waste. 3 3 0
Biodiversity reduction 0
By-product utility 0
Environmental indicators summed 14 14 4 4 14 15
% of total unsustainability 56 56 40 40 56 60
difference in percentage - SUSTAINABILITY MEASURE 0 0 -4 -4
Perceived Risk 3 3 0
Effect on society's healtfi 3 3 0
Product leads to reduced employment 3 2 1
Likelihood of employee injury 2 3 -1
Restriction on product availability 0
Impacts of changed usage behaviour due to characteristics of product 0
Need for employee training 0
Meets legislative requirements 0 0 0
Product benefit; convenience 3 3 0
Social indicators summed 5 5 9 9 0 0
% of total unsustainability 50 50 45 45 0 0
difference in percentage - SUSTAINABILITY MEASURE 0 0 0 0
Cost of labour 1 2 -1
Cost of material inputs 2 3 -1
Effect of stakeholder intervention 3 3 3 3 0
Profit from the product 3 4 -1
Price of the product 2 2 0
Likelihood of reduced performance 4 2 2
Economic indicators summed 3 5 12 11 3 3
% of total unsustainability 30 50 60 55 60 60
difference in percentage - SUSTAINABILITY MEASURE -20 5 0 -15
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5 .4  I n d u s t r i a l  l u b r i c a n t  — l o w  v i s c o s i t y
Comparison o f Morlina 5 to Vitrea 9.
5.4.1 Environmental indicators
Energy use
Blending
Vitrea is made from pure mineral oil and has no additives. Morlina 5 is a blend of SIPC HNR 25 
and HNR 40D in the approximate ratio 47:51, plus the following additives: antifoam additive, 
Lubad 444, Lubad 199, Lubad 245, Lubad 410, Lubad 383, a pour point depressant, and a group 
approved MVIP (14%). The production and blending of these additives will involve increased 
energy requirements. This is quite a complex additive package compare to no additives at all in 
Vitrea. Both are mineral oil based, which requires more energy to produce than plant based oils. 
Plant based oils would therefore receive rank 0. Vitrea receives rank 2 and Morlina rank 4.
Vitrea 9 rank 3
Morlina 5 rank 2
C 02 emissions 
Transportation
Vitrea 9 is transported by ferry from Helsinki to Stockholm. This is a distance o f approximately 
300km. It is then transported by truck between Stockholm and the central warehouse in Jonkoping. 
This is a distance o f approximately 250km.
Morlina 5 is transported by truck from Hamburg (DSAG) to Jonkoping, with a short ferry ride. 
This is a distance o f approximately 700km. As a rough guide. Greenhouse gas emissions o f trucks 
are approximately 10 times as much (gammes per tonne-kilometer) as raü and shipping®. The 
GH G emissions would therefore be approximately 700*10=7000g per tonne o f Morlina 5 
transported from Hamburg to Jonkoping, and (300*l)+(250*10)=2800g per tonne o f Vitrea 9 
transported from Helsinki to Jonkoping.
If  both the oils were produced in Sweden and transported by rail, this would give the lowest C 0 2  
emissions (rank 0), whereas if they were transported from, for instance the other side o f Europe by 
truck then this would rank 5.
Vitrea therefore ranks 3 and Morlina ranks 2.
Vitrea 9 rank 2
Morlina 5 rank 3
Other emissions to air 
Transportation
GH G emissions have been calculated to be approximately 2.5 times as much for a tonne o f Vitrea 
transported as opposed to a tonne o f Morlina 5. GH G emissions include hydrocarbon. Sox and 
Nox.
Transportation and Climate Change: Options for Action. Transport Canada Options Paper, November 1999
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Vitrea 9 rank 3
Morlina 5 rank 2
Impact on water supplies - amount required, impact if  it escapes into water supplies 
Blending
The possibility o f the spillage o f one o f the additives which are toxic at 100% concentration exists at 
the blending stage. Lubad 192 has hazard rating R51/53 — toxic to aquatic environment; BHT is 
also R53. While the risk o f spillage is quite low, if it did occur it would have a severe impact. Vitrea 
has no toxic hazard ratings. In addition the production o f additives will require more water for 
processing. We therefore grade Vitrea 2 and Morlina 4.
Vitrea 9 rank 2
Morlina 5 rank 4
Use
Morlina 5 has toxic hazard rating Xn R65, moderately/highly toxic, (possible risk o f irreversible 
effects upon ingestion) If  it were to escape into water supplies there could be adverse effects on 
human health. Vitrea on the other hand is more benign. The effects o f a spillage at the use stage 
would not be as severe, but the likelihood is higher due to less stringent h, s & e controls on 
customers than on Shell sites. Vitrea therefore ranks 2 and Morlina 4.
Vitrea 9 rank 2
Morlina 5 rank 4
Disposal
Neither o f these products are recycled. If  they are landfilled, then the impact o f the oils leaking into 
water supplies is worse for Morlina. Some of the product will be incinerated thus reducing this 
impact. Vitrea is therefore ranked 2 and Morlina 3.
Vitrea 9 rank 2
Morlina 5 rank 3
Environmentalfate effect
Blending
The possibility o f the spillage o f one o f the additives which are toxic at 100% concentration exists at 
the blending stage. Lubad 192 has hazard rating R51/53 — toxic to aquatic environment; BHT is 
also R53. Other additives are classified as eye and skin irritants. While the risk o f spillage is quite 
low, if it did occur it would have a severe impact. Vitrea has no toxic hazard ratings. We therefore 
grade Vitrea 2 and Morlina 4.
Vitrea 9 rank 2
Morlina 5 rank 4
Use
Morlina 5 has toxic hazard rating Xn R65, moderately/highly toxic, (possible risk of irreversible 
effects upon ingestion) If  it were to escape into the environment there could be adverse effects on 
human health. Vitrea on the other hand is more benign. The effects o f a spillage at the use stage
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would not be as severe, but the likelihood is higher due to less stringent h, s & e controls on 
customers than on Shell sites. Vitrea therefore ranks 2 and Morlina 4.
Vitrea 9 rank 2
Morlina 5 rank 4
Disposal
Neither o f these products are recycled. If  they are landfilled, then the impact o f the oils leaking into 
soil and water is worse for Morlina. Some of the product wiU be incinerated thus reducing this 
impact. Vitrea is therefore ranked 2 and Morlina 3.
Vitrea 9 rank 2
Morlina 5 rank 3
Use of non-renewable materials 
Blending
The additives in Morlina contain phosphates, phenyls/benzyls, phenols, carboxylic acids, glycol, 
succinates, and esters. These additives are often based on synthetic compounds not necessarily from 
non-renewable sources, but they only make up approximately 3% of the product. Therefore the 
difference in use o f non-renewable materials is negligible. These are both mineral based oils so the 
use o f non-renewable materials is high compared to a plant-based oü.
Vitrea 9 rank 5
Morlina 5 rank 5
Readability
Disposal
Neither of these products is recycled, but Morlina would be more difficult to clean and re-refine 
into base oü due to the additives in the mixture. In addition, extreme care should be taken to avoid 
contamination o f Morlina with traces o f any basic additive as these may react with LUBAD T  or 
LUBAD 369, causing a precipitate. Contamination of the order o f 2mg.kg has been shown to be 
deleterious®. Vitrea would therefore be more easüy recycled than Morlina.
Best case (rank 0) completely and easüy recyclable.
Worst case (rank 5) very difficult to recycle
Vitrea 9 rank 2
Morlina 5 rank 4
Amount of waste to landfill! spec.waste 
Disposal
I f  the entire product is being disposed to landfiU, then the same amount o f product wül result in the 
same amount o f landfiU waste. AU used oü is special waste and must be sent to special landfiU sites.
Vitrea 9 rank 4
MorUna 5 rank 4
 ^Lubricants Quality System Formulation Specification, Morlina.
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5.4.2 Social Indicators
Perceived Risk 
Use
According to the Technology Manager Marita Nilsson, the customers do not care about the risks of 
the product, instead they are concerned about the cost o f the product and its performance. 
However Morlina wül have an EC risk phrase and toxic hazard rating o f moderate/severe. The risks 
WÜ1 therefore be perceived to be higher for Morlina due to the labeling (the perceived risk is 
probably close to the actual risk), however the difference is not large.
Vitrea 9 rank 2
Morlina 5 rank 3
Effect on society's health 
Use
Morlina 5 is classified as harmful, with possible risk o f irreversible effects on ingestion. The 
likelihood of ingestion is low. Both products are expected to be slightiy irritating to skin, eyes and 
respiratory tract.
Vitrea 9 rank 2
Morlina 5 rank 4
Disposal
Leakage of the product into the environment from special landfiU sites could affect society’s health. 
The risk o f leaking is quite high but the risk o f it affecting society’s health is quite low.
Vitrea 9 rank 1
MorUna 5 rank 2
Product leads to reduced employment 
Blending
MorUna 5 requires the production o f additives and the blending, including the transportation and 
handUng of the additives. In addition, the MorUna 5 base oU is a blend o f ‘synthetic’ oUs which 
require more processing. MorUna therefore provides the positive social impact o f requiring more 
employment.
Vitrea 9 rank 4
MorUna 5 - rank 2
Restriction on product availability
This indicator does not apply because both o f these products are completely and freely avaUable.
Ukelihood of employee injug 
Blending
At the blending stage, employees wiU be handUng the additives in pure form. LUBAD 192 and BHT 
are sUghtiy irritating to skin, eyes, respiratory tract and upon ingestion. Lubad 369 is moderately 
irritating to eyes. Lubad T is moderately irritating to skin. Safety procedures wiU be in place so the
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Ukelihood of an accident is low, but the consequences could be severe. MorUna is therefore ranked 4 
and Vitrea 2.
Vitrea 9 rank 2
MorUna 5 rank 4
Product benefit: convenience 
Use
MorUna is probably sUghtly less convenient due to the harmful nature o f the product and the safety 
precautions that must be taken. The most convenience would be provided by a service (rank 0).
Vitrea 9 rank 1
MorUna 5 rank 2
Meets legislative requirements 
Use & retaU
The products both meet the legislative requirements [3] so this indicator is not counted
5.4.3 Econom ic Indicators
Cost of labour 
Blending
The labour costs for MorUna are higher due to the additives creation, blending, and synthetic base 
oU creation. The labour costs to the company are therefore higher.
Vitrea 9 rank 2
MorUna 5 rank 4
Cost of material inputs 
Blending
The additives in MorUna 5 are expensive relative to the base oU, but they only make up 3% of the 
blended product. A plant based oU would provide least cost raw materials.
Vitrea 9 rank 2
MorUna 5 rank 4
Effect of stakeholder intervention 
Blending
A spiUage o f LUBAD 192 at the blending stage would have adverse environmental impacts, 
however the UkeUhood of this is low.
Vitrea 9 rank 1
MorUna 5 rank 2
Use
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If  a serious accident occurred due to the toxicity of Morlina 5 and was publicised, customers may 
reduce their purchase o f this product. However the risk o f a serious accident is low.
Vitrea 9 rank 1
Morlina 5 rank 2
Disposal
There is a risk o f land and water contamination from special landfill sites, although from the 
stakeholders point o f view this is unlikely to be related to a particular product, so this indicator is 
not counted here.
Price of the product 
Use (retail)
A 20 litre pail o f Vitrea 9 costs 15.10 SEK while a 20 litre pail o f Morlina 5 costs 19.10 SEK This 
is approximately 25% price increase. This is a large increase in price for a similar product. Vitrea is 
close to the bottom of the price range and Morlina 5 is close to the top o f the price range .
Vitrea 9 rank 1
Morlina 5 rank 4
Profit from the product 
Use & retail
Vitrea 9 rank 4
Morlina 5 rank 1
Ukelihood of reducedpeformance 
Use
The additives in Morlina all improve its performance. The pour point depressant prevents 
congealing; antifoam additives are used because foam reduces the effectiveness o f a lubricant; 
antiwear agents (sulphur and phosphorous compounds) prevent metal surfaces rubbing by forming 
a protective film; antioxidants are used to slow the breakdown o f a lubricant when it is heated; and 
anti-corrosion agents inhibit the action of water on ferrous metals.
In example application in saw mills in Sweden,^ ^  Vitrea 9 was being used but the circular saws were 
corroding very quickly. As a result Morllina 5 is now being used to prevent the corrosion.
The improved properties o f Morlina 5 reduce the wear and corrosion on machine parts such that 
they do not have to be replaced as often, thus reducing the costs to the customer in the long run in 
some cases. Morlina has a complex additive package and has additives for every eventuality, 
although furuter additive technology could create additives with even better performance. Vitrea has 
no additives whatsoever. Morlina therefore ranks 1 and Vitrea 5.
Vitrea 9 rank 5
Morlina 5 rank 1
personal communication, Marita Nilsson, Technology Manager Sweden
Personal communication, Goran Gustafsson, Product and Applications specialist Sweden.
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P ro d u c t c a te g o ry
1. Product 1
2. Product 2
High sp e e d  ro lling  g e a rs
Vitrea 9 
Morlina 5
LIFE CYCLE STAGES
Indicator T ransp/Prodn/BlendIn Use (and retail) D isposal Com plete
Product 1 Product 2 Product 1 Product 2 Product 1 Product 2 LG ranking
Energy use 3 2 1
0 0 2  emissions 2 3 -1
Other emissions to air 3 2 1
Impact on water supplies - amount required, Impact if split 2 4 2 4 2 3 -5
Environmental fate & effect 2 4 2 4 2 3 -5
Use of non-renewable materials 5 5 0
Recyclability 2 4 -2
Amount of waste to landfili/spec.waste. 4 4 0
Biodiversity reduction 0
By-product utility 0
Environmental Indicators summed 17 20 4 8 10 14
% of total unsustalnablllty 56.66667 66.66667 40 80 50 70
difference In percentage - SUSTAINABILITY MEASURE -10 -40 -20 -70
Perceived Risk 2 3 -1
Effect on society's health 2 4 1 2 -3
Product leads to reduced employment 4 2 2
Likelihood of employee Injury 2 4 -2
Restriction on product availability 0
Impacts of changed usage behaviour due to characteristics of product 0
Need for employee training 0
Meets legislative requirements 0
Product benefit; convenience 1 2 -1
Social Indicators summed 6 6 5 9 1 2
% of total unsustalnablllty 60 60 33.33333 60 20 40
difference In percentage - SUSTAINABILITY MEASURE 0 -26.66667 -20 -46.66667
Cost of labour 2 4 -2
Cost of material Inputs 2 4 -2
Effect of stakeholder intervention 1 2 1 2 -2
Profit from the product 4 1 3
Price of the product 1 4 -3
Likelihood of reduced performance 5 1 4
Economic indicators summed 5 10 11 8 0 0
% of total unsustalnablllty 33.33333 66.66667 55 40 0 0
difference In percentage - SUSTAINABILITY MEASURE -33.33333 15 0 -18.33333
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5 . 5  O p e n  g e a r  g r e a s e  
Comparison o f Malleus GL 500 to Kuggfett
5.5.1 Environmental Indicators
Energy use
Extraction/Production/Blending
Kuggfett contains up to 40% bitumen. Bitumen production involves extra heating to allow physical 
separation o f the extra components; in addition, bitumen extracted from sand (e.g. Alberta Oil 
Sands) requires 4 times as much bitumen soaked sand to be mined as crude oü, increasing the 
energy requirements compared to other base oüs based on cmde oü. Kuggfett also contains clay 
(calcium thickener). MaUeus GL is based on paraffinic and synthetic base oüs^^, so the fractional 
distülation involved in their production is also energy intensive. OveraU the Malleus is slightly more 
energy intensive, because it does not contain bitumen specificaUy but contains base oüs with very 
simüar characteristics — and more energy is required to refine the bitumen into a slightly different 
product. The additives in MaUeus also require extra energy to be produced.
Best case scenario — rank 0 — v little energy required for production — in future, over the next 50 
years, this may be approximately quartered
Worst case scenario — rank 5 — most energy required for production — in some countries the 
production processes wül be more energy intensive than in Sweden, Canada and Gent.
MaUeus GL rank 4
Kuggfett rank 3
Transportation
Differences in energy use at the transportation stage are more clearly accounted as C 02  emissions, 
so energy use at this life cycle stage is not counted.
Use
At the use stage, the serviceability over a wide range of temperatures, elimination o f root buUd-up 
problems due to its ability to stay pliable over a wide range o f temperatures, protection o f mating 
surfaces preventing pitting, can aU improve the running efficiency o f the gears and hence the reduce 
the energy usage. This creates a smaU difference. This wül not be counted in C 0 2  emissions due to 
possible double counting, and the difficulty o f transferring this information into C 0 2  emissions. 
Worst case scenario — rank 5 - most energy usage — very poor lubricant
Best case scenario — rank 0 — least energy usage — very good lubricant — in fumre even more 
effective lubricants wül be developed.
MaUeus G  rank 1
Kuggfett rank 2
C 02 emissions
MaUeus GL Product Data Sheet ‘Lubricants Report — Technical Information from SheU Lubricants’
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Extraction /Production /Blending
The C 02  emissions at the production stage are in proportion to the energy usage, however the 
ranking impacts are reduced to reduce double counting. Malleus requires more processing and 
therefore leads to slightly higher C 02  emissions.
Malleus GL rank 3
Kuggfett rank 2
Transportation
Malleus is imported from Canada and Gent whereas Kuggfett is produced in Sweden. This is likely 
to be by shipping transportation and this is likely to be one o f the largest distances that such a 
product would be transported. However only a portion is imported from Canada, therefore is does 
not receive the worst ranking. Kuggfett does not receive the best ranking because truck 
transportation within Sweden could be replaced by raü freight or other low emission transport.
Malleus GL rank 4
Kuggfett rank 2
Other emissions to air 
Extraction/Productdon/Blending
Emissions including benzene occur from bitumen when it is heated. It is heated at the blending 
stage in order to blend the grease. This only creates a small difference considering the VOC 
emissions that occur during storage and refining, and considering that is only a proportion o f 
Kuggfett is bitumen. Biodegradable base oils would lead to the least emissions. Greases produced 
on sites with less stringent emissions capture would lead to the highest ranking.
Malleus GL rank 3
Kuggfett rank 2
Transportation
Emissions from transportation include VOCs, Nox, and Sox. These are greater for Malleus which is 
transported further. However these emissions are not as significant as C 0 2  emissions from 
transportation -  the Malleus is therefore ranked ‘medium’ as opposed to ‘medium/high’.
Malleus GL rank 3
Kuggfett rank 2
Impact on water supplies - amount required, impact if  split 
Extraction /Production /Blending
The product containing bitumen is likely to require slightly more water mining and in cooling. This 
is a small impact. The best case would be a product that required no water for extraction and 
processing; the worst case is a product that requires a lot of water. In addition Kuggfett is rated Xn 
(harmful); this is due to the additives rather than the base oil. The additives will be handled at 100% 
concentration at the blending stage. There is a small risk o f spillage o f harmful additives in water. A 
worst case product would require most water (rank 5) and the best case product would require less 
water. In future processes may be developed that require less water. Malleus therefore ranks 2 and 
Kuggfett 3.
Malleus GL rank 2
166
Volume II — Swedish portfolio case study
5.5  Open gear grease
Kuggfett rank 3
Transportation
Due to solidity o f these products at room temperature, they are very unlikely to be spilt and affect 
water supplies. Both products therefore receive a low ranking
Malleus GL rank 1
Kuggfett rank 1
Use
Any application involving exposure to the elements has the potential for grease to be leaked or 
washed out. One typical application o f these greases are in open gears in mining operations, and this 
is among the applications that have the highest potential for environmental impact. Both products 
are expected to have the potential to bioaccumulate, but neither o f these products wiU have a 
significantly greater impact. Biodegradable greases would have the least impact.
Malleus GL rank 4
Kuggfett rank 4
Environmentalfate <& effect 
Extraction /Production /Blending
The environmental fate and effect o f any releases to the environment at these life cycle stages wiU 
be very similar for both products. The base oils are not biodegradable, which would rank lowest. 
The harmful additives in the MaUeus product are lead to a sUghdy higher ranking. Both products are 
expected to have the potential to bioaccumulate.
MaUeus GL rank 2
Kuggfett rank 3
Transportation
Due to soUdity o f these products at room temperature, they are very unlikely to be spUt. Both 
products therefore receive a low ranking
MaUeus GL rank 1
Kuggfett rank 1
Use
Any appUcation involving exposure to the elements has the potential for grease to be leaked or 
washed out. One typical appUcation o f these greases are in open gears in mining operations, and this 
is among the appUcations that have the highest potential for environmental impact. Both products 
are expected to have the potential to bioaccumulate, but neither o f these products wiU have a 
significantly greater impact. Biodegradable greases would have the least impact.
MaUeus GL rank 4
Kuggfett rank 4
Use of non-renewable materials 
Extraction/Production/Blending
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Dry lubricants in the grease (^aphite and molybdenum disulphide) are not as scarce as the base oil, 
but similar amounts o f these less scarce resources are found in both products. Malleus also contains 
petroleum resins, vacuum residue, highly refined mineral oil, synthetic hydrocarbons and additives. 
Both products are therefore based entirely on non-renewable materials. Grease base oils can be
biodegradable (based on rapeseed, or esters) so such greases would receive ranking 0.
Malleus GL rank 5
Kuggfett rank 5
Use o f non-renewable materials is not affected by the use and transportation stages.
Eecyclability
Neither o f these products are recycled due to the nature of the application. They are therefore not 
ranked.
A.mount of waste to landfill! spec, waste
Neither o f these greases lead to a significantly greater amounts o f landfill or special waste. The 
product most often wears off so no recycling is possible. The products are therefore not ranked as 
there is no difference between them.
biodiversity reduction
Extraction / Production /Blending
Any bitumen taken from bitumen sands is likely to have a greater impact on biodiversity. Kuggfett 
therefore receives a slightly higher ranking. Plant based oils would receive the lowest scores due to 
lower impacts on biodiversity.
Malleus GL rank 2
Kuggfett rank 3
Use
As mentioned previously, open gears in mining operations are exposed to the elements and 
potential for wash out into soil is higher than other applications. Both products are expected to 
have the potential to bioaccumulate, however neither product will have a significantly different 
impact on biodiversity.
Malleus GL rank 4
Kuggfett rank 4
By-product utility
Neither o f the products have useful by-products associated with extraction and production so this 
indicator is not ranked.
5.5.2 Social Indicators
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Perceived Risk
Extraction /  Production /  Blending
Bitumen is perceived as a slightly more harmful material than other base oils. This risk is perceived 
by both employees and society. Kuggfett receives a slightly higher ranking at this stage. The highest 
ranking would be received by a more toxic element. A completely benign product would receive 
ranking 0.
Malleus rank 2
Kuggfett rank 3
Use
According to the technology manager, customers make their choice according to the application. 
However, Kuggfett is classified as Harmful on the MSDS, so customers o f this product will 
perceive that it is slightly more risky.
Malleus GL rank 2
Kuggfett rank 3
Effect on society's health 
Use
Kuggfett has the risk phrase Xn, which means that it is harmful. Malleus has no risk phrases. 
Because o f the dilution o f vacuum residue with mineral oils, the polycyclic aromatic hydrocarbons 
in the vacuum residue are potentially available. However, tests do not show any definite 
carcinogenicity. Malleus is expected to be slightly irritating to skin, eyes, respiratory tract. Very 
slight mutagenic impacts are expected. Skin contact should be minimized. These are not highly toxic 
greases, but Kuggfett is close to the maximum toxicity of a grease like this.
Malleus GL rank 3
Kuggfett rank 4
Transportation
At the transportation stage, slightly more emissions arise from the transportatation o f Malleus due 
to distance between Canada and Sweden, Canada and Gent, compared to Kuggfett which is 
produced in Sweden. Selling Malleus in Sweden thus impacts air Quality with associated impacts on 
respiratory diseases such as asthma, although this is a very small im pact.
Malleus GL rank 3
Kuggfett rank 2
Product leads to reduced employment 
Extraction /Production /Blending
Malleus is a more sophisticated formulation that requires more work in production and blending. 
The best case scenario (rank 0) for this indicator would be most labour required, and vice versa for 
the worst case scenario.
Malleus GL rank 2
Kuggfett rank 3
Transportation
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More time and human hours o f labour wiU be required to transport Malleus from Canada and Gent 
than for transporting it within Sweden. Malleus therefore ranks lower for this indicator at this life 
cycle stage.
Malleus GL rank 2
Kuggfett rank 3
Ukelihood of employee injuiy 
Extraction / Production /Blending
Malleus has no risk phrases. Graphite and moly powder both are both irritating to the respiratory 
tract. Both products contain polycyclic aromatic hydrocarbons that may be carcinogenic. Kuggfett 
has the risk phrase Xn, which means that it is harmful.
Malleus GL rank 3
Kuggfett rank 4
Restriction on product availability 
Use
There is no restriction on product availability — if there is a demand for either product, then the 
production will be increased to meet the demand. This indicator is therefore not ranked.
Impacts of changed usage behaviour due to characteristics of product 
Use
Malleus is a high quality product, at the higher end o f the price range. Kuggfett is approximately half 
the price and does not have the same performance characteristics in terms o f physical and chemical 
stability, protection, withstanding water washout and repelling dirt and dust. Kuggfett is therefore 
likely to be used more liberally, which has negative economic impacts on customers in the long run, 
and increases environmental impacts (non-renewable resource use, 
ecotoxicological impacts).
Malleus GL rank 3
Kuggfett rank 4
Needfor employee training
There are no significant differences in employee training requirements. This indicator is therefore 
not ranked.
Meets legislative requirements
Extraction / Production /Blending
Both products meet legislative requirements at this stage
Malleus GL rank 0
Kuggfett rank 0
Transportation
Both products meet legislative requirements at this stage
Malleus GL rank 0
Kuggfett rank 0
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Use
Malleus has a MSDS in English, however the MSDS is only available in Swedish for Kuggfett. The 
development manager indicated that this product has been exported to countries with languages 
other than Swedish The legal requirement for MSDSs in an appropriate language is therefore not 
met for Kuggfett.
MaUeus GL rank 1
Kuggfett rank 3
Product benefit: convenience 
Use
Kuggfett is often bought by smaU operators as it is available in smaUer package sizes. SmaU scale 
purchasers buy Kuggfett due to the convenience o f smaU package sizes. The most convenient 
option would be for SheU to provide a service. The least convenient would be a poor performing 
product that involved difficult or complicated clean-up or grease replacement.
MaUeus GL rank 3
Kuggfett rank 2
5.5.3 Econom ic Indicators
Cost of labour
Extraction/Production/Blending
SUghdy higher labour costs are involved in blending the more sophisticated product.
MaUeus GL rank 4
Kuggfett rank 3
Transportation
More labour costs are involved in transporting MaUeus from Canada and Gent than transporting 
Kuggfett within Sweden
MaUeus GL rank 4
Kuggfett rank 2
Cost of material inputs 
Extraction / Production /Blending
The costs of material inputs into MaUeus are higher due to the care required to produce a non- 
ashphaltic product and the other additives.
MaUeus GL rank 4
Kuggfett rank 2
Personal Communication, PeUe Porsgaard, Business Development and Analysis
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Effect of stakeholder intervention 
Use
The bitumen containing product, which is also more harmful, presents slightly higher risks at the 
use stage, which if resulting in an accident may result in reduced sales. However the likelihood of 
the public gaining knowledge and changing buying behaviour is low.
Malleus GL rank 1
Kuggfett rank 2
Profit from the product 
Use/Retail
MaUeus gives rise to higher profit margins than Kuggfett.
MaUeus GL rank 2
Kuggfett rank 4
Price of the product 
Use/RetaU
MaUeus is 75 SEK for a 20kg paU whUe Kuggfett is 44 SEK.
MaUeus GL rank 4
Kuggfett rank 2
Ukelihood of reducedperformance 
Use
MaUeus has increased advantages of providing cushioning, resisting film destruction from 
contaminating oUs and greases, withstanding water washout and repeUing dirt and dust, reducing 
contact temperatures, and aUeviating stick-sUp vibrations. AU of these lead to lowered lubricant 
consumption rate and savings on maintenance costs. MaUeus represents some of the most 
sophisticated grease technology, whUe Kuggfett appeals to customers concerned most about short 
term costs. MaUeus therefore ranks 2, because in future even higher performance greases may be 
developed. Kuggfett ranks 4, as it is not the worst performing product.
MaUeus GL rank 1
Kuggfett rank 4
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P ro d u c t c a teg o ry
1. Product 1
2. Product 2
O pen  g ea r g re a s e
Malleus GL 
Kuggfett
LIFE CYCLE STAGES
I n d ic a to r Production Transportation Use (and retail) Complete
Product 1 Product 2 Product 1 Product 2 Product 1 Product 2 LG ranking
Energy use 4 3 1 2 0
0 0 2  emissions 3 2 4 2 3
Other emissions to air 3 2 3 2 2
Impact on water supplies - amount required, impact if split 2 3 1 1 4 4 -1
Environmental fate & effect 2 3 1 1 4 4 -1
Use of non-renewable materials 5 5 0
Recyclability 0
Amount of waste to landfill/spec.waste. 0
Biodiversity reduction 2 3 4 4 -1
By-product utility 0
Environmental indicators summed 21 21 9 6 13 14
% of total unsustainability 60 60 45 30 65 70
difference in percentage - SUSTAINABILITY MEASURE 0 15 -5 10
Perceived Risk 2 3 2 3 -2
Effect on society's health 3 2 3 4 0
Product leads to reduced employment 2 3 2 3 -2
Likelihood of employee injury 3 4 -1
Restriction on product availability 0
Impacts of changed usage behaviour due to characteristics of product 3 4 -1
Need for employee training 0
Meets legislative requirements 0 0 0 0 1 3 -2
Product benefit; convenience 3 2 1
Social indicators summed 7 10 5 5 12 16
% of total unsustainability 35 50 33.33333 33.33333 48 64
difference in percentage - SUSTAINABILITY MEASURE -15 0 -16 -31
Cost of labour 4 4 4 2 2
Cost of material inputs 4 2 2
Effect of stakeholder intervention 3 3 3 3 1 2 -1
Profit from the product 1 4 -3
Price of the product 4 2 2
Likelihood of reduced performance 1 4 -3
Economic indicators summed 11 9 7 5 7 12
% of total unsustainability 73 60 70 50 35 60
difference in percentage - SUSTAINABILITY MEASURE 13 20 -25 8
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5 .6  2 - s r 0 k e e n g i n e  o i l s
Comparison o f Nautilus Biodegradable Outboard Engine Oü to SheU 2T 2-stroke engine oU.
5.6.1 Environmental Indicators
Energy use 
Extraction
More energy is used to extract petroleum than to extract oil from plants
SheU 2T Two Stroke OU rank 5
NautUus Biodegradable Outboard OU rank 4
Production
The energy consumption per functional unit during the production o f a mineral oU-based fluid 
(45,000MJ) is greater than for a synthetic ester (22,000MJ)  ^ In future increased energy efficiency 
may lead to lower energy requirements for such oUs.
SheU 2T Two Stroke OU rank 5
NautUus Biodegradable Outboard OU rank 3
Use
The same amount o f fuel is used at the use stage. Most engine manufacturers recommend 50:1 
fuekoU.
C 02 emissions 
Extraction
C 02  emissions from oU extraction are considerable, whUe plant based oUs are C 0 2  neutral. The 
mineral based oU receives a high value and the synthetic ester a medium score due to its mineral 
content.
SheU 2T Two-Stroke OU rank 5
NautUus Biodegradable Outboard OU rank 3
Production
C 02  emissions are emitted at this stage but taken up in the growth stage, so the synthetic ester 
receives a lower score^
Cunningham, B., (2002) ‘Sustainability Assessment o f environmentaUy-acceptable hydraulic fluid’ 
SheU Global Solutions Research Note — Confidential 
Vag, C et al (2002) ‘A comparative Life Cycle Assessment o f the Manufacture of Base Fluids for 
Lubricants’Jounal of Synthetic Lubrication
Cunningham, B., et al (2002) ‘Sustainability Assessment of and EnvironmentaUy Acceptable 
HydrauUc Fluid’ Paper Submitted to the Journal o f Industrial Ecology, December 2002
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Shell 2T Two Stroke Oil rank 5
Nautilus Biodegradable Outboard Oil rank 3
Use
C 02  is emitted during the biodégradation o f oil. Over the time that it takes for the mineral oil to 
degrade, the C 02  emissions will be the same. This C 02  is taken up at the growth stage for the ester 
so the ranking is reduced.
Shell 2T Two Stroke Oil rank 5
Nautilus Biodegradable Outboard Oil rank 2
Other emissions to air 
Extraction
Emissions from the extraction o f the raw materials for mineral based oils are higher than for the 
synthetic ester.
Shell 2T Two Stroke Oü ' rank 5
Nautilus Biodegradable Outboard Oü rank 3
Production
When we compare crude oü refining to conversion o f plant oü, refining gives rise to more CO, 
NMHC, NOx, and particulates, but transestérification gives rise to higher CH4 emissions.
SheU 2T Two Stroke OU rank 4
Nautilus Biodegradable Outboard Oü rank 3
Use
Tests have shown synthetic biodegradable lubricant oüs reduce carbon monoxide emissions from 2- 
stroke eng ines2 -s t roke  engines emit approximately 20% o f their fuel-oU mix unbumed^^. Most 
of the visible haze in 2-stroke engine exhaust is dispersed oü. The oü haze from the biodegradable 
OÜ WÜ1 not persist as long.
SheU 2T Two Stroke OU rank 5
NautUus Biodegradable Outboard OU rank 3
Impact on water supplies - amount required, impact if  split 
Extraction
The requirements for water are high in agriculture, and the mn-off o f pesticides and fertUisers 
affects surface water. SmaU amounts o f petroleum escaping to water is not uncommon during 
extraction, but overaU the agriculture has a greater impact on water.
SheU 2T Two Stroke OU rank 3
NautUus Biodegradable Outboard OU rank 4
Emissions from 2-stroke engines, http://www/dea.state.nnt.us/CleanSnowmobile/solutions/brochure.pdf
McCrae, C (2000) ‘New advice on old engines’
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Production
Both products have a reasonably high water demand but the production o f the synthetic ester is 
greater overall.
Shell 2T Two Stroke Oü rank 3
Nautüus Biodegradable Outboard Oü rank 4
Use
N ot much of the oü added to a 2-stroke engine actuaUy combusts. Consequently, every litre o f oü 
added to the tank ends up in the water. Biodegradable oü has been shown to have less impact on 
fish and other aquatic organisms, a benefit for the complete aquatic food chain. This oü is not as 
biodegradable as others avaüable on the market however.
SheU 2T Two Stroke OU rank 5
Nautilus Biodegradable Outboard OU rank 2
Environmentalfate effect
Extraction
At the extraction stage the raw materials for the mineral oU (petroleum), if spUt, can bioaccumulate 
in the environment and physicaUy foul wUdUfe, although spiUages are not a routine occurrence. The 
environmental fate of the plant materials on the other hand have very sUght adverse effects on the 
environment.
SheU 2T Two Stroke OU rank 4
NautUus Biodegradable Outboard OU rank 1
Production
This stage is not relevant because direct impacts o f environmental emissions are not significantly 
different.
Use
In appUcations other than marine outboards, such as lawnmowers, chain saws and dirt bikes, the 
mineral oU can persist and contaminate soU, plant and animal Ufe. However the combustion 
products o f synthetic oUs have been found to have more toxic effects on bacterial flora and fish 
than the combustion products o f pure mineral oU^ .^
SheU 2T Two Stroke OU rank 5
NautUus Biodegradable Outboard OU rank 3
Use of non-renewable materials 
Extraction
The mineral oU is 100% non-renewable whereas the synthetic ester is based on approximately 30% 
non-renewable materials.
Wach, B., et al (1992) Hwo-stroke engine emissions in abody of water subjected to intensive 
outboard motor operation’ The Science of the Total Environment,\\(s, 59-81
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SheU 2T Two Stroke OU rank 5
NautUus Biodegradable Outboard OU rank 2
RecyclabUity
The oU is not recycled after use so this indicator does not apply 
Amount of waste to landfill! has(ardous waste
Data for 2 stroke oU is not avaUable, however data for biodiesel and mineral based diesel is avaUable. 
The extraction and production stages are simUar for oU and diesel whether plant or mineral based, 
and both biodiesel and biodegradable oU require the transestérification o f oU to create the synthetic 
ester.
Over the complete Ufe cycle, refined mineral oU generates 40 times as much hazardous waste, but 
only one quarter of the amount o f non-hazardous waste. Hazardous waste: almost aU arises from 
the cmde oU refining process. Half o f non-hazardous waste comes here. Half is from extraction 
step. Agriculture gives rise to a smaU amount of hazardous waste from agriculture and non- 
hazardous waste also comes from the crushing (extraction) stage^^.
Extraction
SheU 2T Two Stroke OU rank 2
NautUus Biodegradable Outboard OU rank 1
Production
SheU 2T Two Stroke OU rank 5
NautUus Biodegradable Outboard OU rank 1
Biodiversity reduction 
Extraction
A considerable amount of land is required to produce sufficient amounts o f seed or bean feedstock. 
By growing monoculmres wiU reduce local biodiversity. The oU extraction process also places 
pressures on the surrounding environment that could reduce biodiversity, but not to the same 
extent as monocultures.
SheU 2T Two Stroke OU rank 3
NautUus Biodegradable Outboard OU rank 4
Use
The impact o f oU deposited directly into the environment can reduce biodiversity. However the 
combustion products o f synthetic oUs have been found to have more toxic effects on bacterial flora 
and fish than the combustion products o f pure mineral oU.
SheU 2T Two Stroke OU rank 4
NautUus Biodegradable Outboard OU rank 3
^  U.S. Department of Agriculture and U.S. Department o f Energy (May 1998) ‘Life Cycle Inventory 
of Biodiesel and Petroleum Diesel for Use in an Urban Bus’
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By-product utility 
Extraction
There are no by-products from the extraction o f petroleum, because aU of the carbon chains of 
different lengths in petroleum from short to long are used and sold. Agriculture of rapeseed leads to 
straw and oü seed cake for animal feed. These are valuable by products which can be used directly 
on a farm at no extra cost.
SheU 2T Two Stroke OU rank 3
NautUus Biodegradable Outboard OU rank 0
Production
Glycerin is produced as a by-product during the transestérification stage.
SheU 2T Two Stroke OU rank 3
Nautilus Biodegradable Outboard OU rank 0
There are no useful by-products at the use stage.
5.6.2 Social Indicators
Perceived Risk 
Extraction
Extraction o f oU is seen as a high risk undertaking with incidents often reported in global media and 
highly pubUcized.
The growth o f large amounts o f plant feedstock requires an extensive amount o f land. There have 
been concerns expressed recently regarding the danger o f monoculmres. These issues were 
highUghted with the introduction o f geneticaUy modified crops into the pubUc arena (the plant 
feedstocks are not necessarily geneticaUy modified crop but this could stUl affect people’s 
perceptions). The perceived risk o f large expanses aU growing the same type o f crop could be 
considerable. Therefore, both products have been ranked as 3
SheU 2T Two Stroke OU rank 3
NautUus Biodegradable Outboard OU rank 3
Production
The production stages wiU have the same perceived risk. The perceived risk o f refineries and 
manufacmring plant are reasonably high due to stack emissions - which may, for instance, only be 
steam, but the pubUc perceive the risks to be high.
SheU 2T Two Stroke OU rank 4
NautUus Biodegradable Outboard OU rank 4
Use
OU that ends up in waters which is used for bathing and leisure is Ukely to have a higher perceived 
risk than acmal risk. The mineral oU is more Ukely to accumulate and persist. The oU mist in the 
exhaust is detrimental but the biodegradabUity does not make much difference.
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Shell 2T Two Stroke Oil rank 5
Nautilus Biodegradable Outboard Oil rank 3
Effect on society's health 
Extraction
In Europe, a common plant feedstock for the production o f synthetic esters is rapeseed. Recent 
press reports have highlighted concerns over increased hay fever and asthma sufferers, in part 
blamed on the growth o f rapeseed. There has been very litde conclusive evidence on this impact. 
However, the growth of rapeseed is more ‘visible’ to the general public with the fields of yellow 
flowers. The raw materials of a mineral oil tend to be remote from the general public with 
extraction sites situated offshore.
Shell 2T Two Stroke Oil rank 2
Nautilus Biodegradable Outboard Oü rank 3
Production
There is a slight difference in health effects due to air emissions. When we compare cmde oü 
refining to processing o f plant oü, refining gives rise to more CO, NMHC, NOx, and particulates, 
but transestérification gives rise to higher CH4 emissions.
SheU 2T Two Stroke OU rank 3.5
NautUus Biodegradable Outboard OU rank 3
Use
OU can end up in bathing waters in hoUday resorts; the mineral oU is more Ukely to accumulate and 
persist. The oU mist in the exhaust is detrimental but the biodegradabUity does not make much 
difference.
SheU 2T Two Stroke OU rank 5
NautUus Biodegradable Outboard OU rank 3
Product leads to reduced employment 
Extraction
There are differences in interpretation regarding employment levels depending on whether direct or 
indirect job levels are considered. The exact level o f job creation is unclear. However, the 
agriculmral industry is in a period of decline and any job creation wiU help the survival o f this 
industry. Neither fuel would lead to a decline in job level so they have both scored at the lower end 
o f the scale. The encouragement of the agricultural industry means the product with 70% plant 
based material scores sUghtly lower.
SheU 2T Two Stroke OU rank 2
NautUus Biodegradable Outboard OU rank 1
Production
The amount o f employment entaUed in the refining and conversion processes is simUar. They are 
ranked medium because other new processes may be more automated, but in other countries 
automation may be replaced by manual labour.
SheU 2T Two Stroke OU rank 3
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Nautilus Biodegradable Outboard Oil rank 3
This indicator does not apply in the use stage because there will only ever be indirect impacts on 
employment because, for instance, a lower performance product means that maintenance 
requirements are increased.
Ukelihood of employee injury 
Extraction
In 1999, the rate o f work-related injury and illness in the oü and gas extraction industry, as a whole, 
was 3.5 per 100 full-time workers. This is less than for the entire private sector that had a figure of
6.3 per 100 fuU time workers. Farm work has long had one o f the highest incidences of illnesses and 
injuries o f any industry. In 1999, crop production had 7.0 injuries and illnesses per 100 full-time 
workers, compared with an average of 6.3 throughout private industry [9].
SheU 2T Two Stroke OU rank 2
NautUus Biodegradable Outboard OU rank 4
Production
There are no significant differences between these two products at this stage.
SheU 2T Two Stroke OU rank 3
NautUus Biodegradable Outboard OU rank 3
Use
This indicator does not apply
Restriction on product availability 
Extraction
Both products have limiting factors. There are two major issues in regards to avaUabUity o f raw 
materials. The level of land use required to produce adequate amounts o f feedstock and the amount 
of fossU fuel remaining avaUable for extraction. Despite land being avaUable indefinitely there may 
not be sufficient amounts o f feedstock to meet demand. Whereas petroleum is expected to be 
avaUable for the next 50 years or so, and then their supply wiU begin to dwindle.
Dmits on the production of non-food oUseeds, and a decrease in support payments for oUseed 
producers means there is less incentive for farmers to grow these.
Both products have been ranked as 3 because of these short and long-term issues.
SheU 2T Two Stroke OU rank 3
NautUus Biodegradable Outboard OU rank 3
Use
The Biodegradable oU is sold throughout the world but not stocked as widely as the mineral based 
oU, for instance it is not avaUable in Ontario where there is a demand for it^ \ However SheU 2T is 
not avaUable in aU countries in the world, for instance it is not sold in Sweden, although if there 
were a demand for it the required amount could be produced.
Abbot, R, (2002) Envrionmental Enhancements for the Older Outboard’ Lake Kanshe Website, 
http://www.kanshelake.ca/info outboards.htm
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Shell 2T Two Stroke Oil rank 1
Nautilus Biodegradable Outboard OU rank 2
Impacts o f changed usage behaviour due to characteristics o f product
Use
The more expensive biodegradable oU may be used slightly more frugaUy due to the higher price. 
WhUe fuel to oU ratios are recommended by engine manufacturers, not aU users will measure the 
amounts, and may prefer to do it by eye.
SheU 2T Two Stroke OU rank 1
NautUus Biodegradable Outboard OU rank 0
Needfor employee training
The more training that is required the more speciaUst knowledge is required to complete the job. 
With increased speciaUsation comes a change in the job structure and it is Ukely some individuals 
could lose their jobs as the changes occur.
Extraction
Both products require a significant level o f health and safety training. The training levels o f the raw 
materials are simUar so both have been ranked as 4.
SheU 2T Two Stroke OU rank 4
NautUus Biodegradable Outboard OU rank 4
Production
Transestérification is a relatively new process compared to oU refining, so the level o f training is 
sUghtly higher.
SheU 2T Two Stroke OU rank 3
NautUus Biodegradable Outboard OU rank 4
Meets legislative requirements 
Extraction
OU extraction sites are often situated on offshore platforms where marine legislation appUes that are 
sUghtly different to land-based requirements. With the Kyoto Protocol and the caU for reduced 
CO2 emissions from industry the abUity o f fossU fuel extraction to meet legislation requirements is 
likely to decrease in the medium to long-term.
The production o f oUseed is subject to agricultural laws and restrictions on the amount o f land that 
can be used for non-food crops. It has more difficulty in meeting the short-term legislation 
requirements.
Both products are ranked as 1 but this ranking is Ukely to change over time.
SheU 2T Two Stroke OU rank 1
NautUus Biodegradable Outboard OU rank 1
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Use
Personal watercraft guidelines have been developed in Sweden by co-operation between industry, 
local authorities and harbour authorities^^. The non-biodegradable product does not meet aU of 
these guidelines.
SheU 2T Two Stroke OU rank 2
NautUus Biodegradable Outboard OU rank 0
Product benefit: convenience
This indicator does not apply because there are no significant differences in the convenience in 
terms of deUvery and channel.
5.6.3 Econom ie Indicators
Cost of labour 
Extraction
Average earnings in the oU and gas extraction industry were significantly higher than the average for 
aU industries. Based on US figures in 2000 private industry earnings per week is ^474. For the oU 
and gas industry this figure is ^749. In 2000, median earnings for workers in agriculmral production 
were $335 a week These figures provide an indication of the position in the US, but it can be 
assumed that they reflect the simation for a number of countries. It would suggest that the cost o f 
labour for the oU and gas industry would be high, a ranking o f 3 (there are Ukely to be a number of 
jobs where pay would be higher). In contrast the agriculmral employees is a 1 as the cost is low 
compared to the average.
SheU 2T Two Stroke OU rank 3
NautUus Biodegradable Outboard OU rank 1
Production
Labour costs wUl be sUghtly higher for the more sophisticated ester production.
SheU 2T Two Stroke OU rank 3
NautUus Biodegradable Outboard OU rank 4
Cost of material inputs 
Extraction
Plant feedstock can be produced relatively cheaply (and indefinitely). Extraction o f oU is a fairly 
high cost procedure but it is done in vast quantities, which brings the price down.
SheU 2T Two Stroke OU rank 2
^  Motor Vehicle Regulations and Fuel Specifications CONCAWE 
www.concawe.be/Download/Reports/Rpt_97-6.pdf 
^  US Department o f Labour, 2002
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Nautilus Biodegradable Outboard Oil rank 3
Production
The synthetic ester has almost twice the additives. These are assumed to be o f a similar price per 
unit.
SheU 2T Two Stroke OU rank 2
NautUus Biodegradable Outboard OU rank 4
Effect of stakeholder intervention
This indicator relates to the damage that can occur to a business in the event o f an incident during 
the Ufe cycle of a product. The damage can manifest itself through damage to reputation or faUing 
sales.
Extraction
An incident occurring during the extraction o f the raw materials for an petroleum-based product are 
Ukely to be significant. Events such as the Piper Alpha and the Sea Empress incidents highUght this 
fact. They have been given the value o f 4. An incident involving plant-derived inputs would have 
significantly less impact on the business. However, there have been recent issues associated with 
GM crops and monocultures that could have an effect so the biodiesel has been ranked as 2.
SheU 2T Two Stroke OU rank 4
NautUus Biodegradable Outboard OU rank 2
Production
At the production stage the pubUc would probably not differentiate between oU refining plant and 
transestérification plant. The risks o f accident are simUar.
SheU 2T Two Stroke OU rank 3
NautUus Biodegradable Outboard OU rank 3
Use
The biodegradable product provides environmental benefits and has a greener image, but it is 
associated with poUution from two stroke engines nonetheless, and low particulate emission or 
smokeless and highly biodegradable products are avaUable on the market which are open to less 
criticism from the pubUc.
SheU 2T Two Stroke OU rank 5
NautUus Biodegradable Outboard OU rank 3
Profit from the product
Unit profit margins are approximately $0.4/Utre for the bio-oU and $0.3/Utre for 2T.
SheU 2T Two Stroke OU rank 4
NautUus Biodegradable Outboard OU rank 2
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Price of the product
These products differ in price by approximately 10% to 20%.
Shell 2T Two Stroke Oil rank 2
Nautilus Biodegradable Outboard Oil rank 4
Ukelihood of reducedperformance
Due to the increased additives and synthetic nature o f the oil. Nautilus minimises combustion 
chamber deposits, keeps pistons clean and rings free, aU of which enhance engine performance and 
durability.
Shell 2T Two Stroke Oil rank 4
Nautilus Biodegradable Outboard Oü rank 1
24 NautUus Biodegradable Outboard Motor OU Product Data Sheet, from Shell Canada
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P ro d u c t c a te g o ry
1. Product 1
2. Product 2
B io d eg rad ab le  2 -stro k e
Shell 2T 2-stroke oil
Nautilus Biodegradable Outboard Oil
LIFE CYCLE STAGES
Indicator Raw materials Production Use (and retail) Com plete
Product 1 Product 2 Product 1 Product 2 Product 1 Product 2 LG ranking
Energy use 5 4 5 3 3
0 0 2  emissions 5 3 5 3 5 2 7
Other emissions to air 5 3 4 3 5 3 5
Impact on water supplies - amount required, impact if split 3 4 3 4 5 2 1
Environmental fate & effect 4 1 5 3 5
Use of non-renewable materials 5 2 3
Recyclability 0
Amount of waste to landfill/spec.waste. 2 1 5 1 5
Biodiversity reduction 3 4 4 3 0
By-product utility 3 0 3 0 6
Environmental indicators summed 35 22 25 14 24 13
% of total unsustainability 78 49 83 47 96 52
difference in percentage - SUSTAINABILITY MEASURE 29 37 44 110
Perceived Risk 3 3 4 4 5 3 2
Effect on society's health 2 3 3.5 3 5 3 1.5
Product leads to reduced employment 2 1 3 3 1
Likelihood of employee injury 2 4 3 3 -2
Restriction on product availability 3 3 1 2 -1
Impacts of changed usage behaviour due to characteristics of product 1 0 1
Need for employee training 4 4 3 4 -1
Meets legislative requirements 1 1 2 0 2
Product benefit: convenience 0
Social indicators summed 17 19 16.5 17 14 8
% of total unsustainability 49 54 66 68 56 32
difference in percentage - SUSTAINABILITY MEASURE -6 -2 24 16
Cost of labour 3 1 3 4 1
Cost of material inputs 2 3 2 4 -3
Effect of stakeholder intervention 4 2 3 3 5 3 4
Profit from the product 4 2 2
Price of the product 2 4 -2
Likelihood of reduced performance 4 1 3
Economic indicators summed 9 6 8 11 15 10
% of total unsustainability 60 40 53 73 75 50
difference in percentage - SUSTAINABILITY MEASURE 20 -20 25 25
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5 .7  D o m e s t i c  h e a t i n g  o i l  
Comparison o f Eldningsolja 1 to Industrial Gas Oil
5.7.1 Environmental Indicators
Energy use 
Production
The oü industry has already taken steps to reduce sulphur levels in diesel fuel from 3000ppm to 350 
ppm in the last ten years, so a degree o f technology which is required to remove sulphur from fuel is 
already avaüable. The more sulphur that is removed then the more energy intensive the processes 
are. In order to reduce automotive diesel sulphur levels from 500ppm to 50ppm (the proposed 2005 
limit), it is estimated that refinery C 02  emissions (a measure o f energy required) will increase by 
75% for dieseP'’. To reduce the sulphur content from 0.2% to 0.05% in diesel will require 
approximately 25% more energy. The worst case scenario would be further sulphur reductions 
which could double the energy requirements.
Industrial Gas OÜ 2
Eldningsolja 1 4
Use
The same amount of energy is used at the use phase. This indicator may be included in future 
smdies however because plant based or other types o f oüs may be developed in future which wül 
have lower energy efficiency.
C 02 emissions 
Production
Due to the increased energy required to remove the sulphur from the fuel, C 02  emissions also 
increase.
Industrial Gas Oü 2
Eldningsolja 1 4
Use
The C 02  emissions are not significantly different in the use phase. This indicator is not ranked.
Other emissions to air
Production
There are no significant differences in the other emissions to air that arise from the removal of 
sulphur.
OP Issues, Sulphur in Fuel http://sww.shell.eom/issuesop/default.htnn
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Use
SOx emissions are almost entirely dependent on the sulphur content o f the fuel and are not affected 
by boiler size, burner design, or grade of fuel being fired. More than 95% of the fuel sulphur is 
converted to 802, with sulphate particulates making up part o f the remainder. The maximum 
allowable sulphur content o f IG O  in Europe is 0.2%  ^ (2000ppm). Due to Swedish legislation, the 
maximum allowable sulphur content of IGO in Sweden is 0.05% (500ppm). In other countries the 
sulphur content wiU be higher. 0.05% is not the lowest possible sulphur content because 50ppm gas 
oil is available from some companies.
Industrial Gas Oü 4
Eldningsolja 1 1
Impact on water supplies - amount required, impact if  split 
Production
The impact o f spillages and requirements for water are very simüar for both o f these products at the 
production stage. This indicator is not ranked.
Use
According to the U.S. Coast Guard Emergency Response Notification System, fuel oil is one o f the 
most commonly spilled petroleum products in the U.S. This is partly due to the fact that 
households are responsible for the maintenance of fuel storage tanks, and they are not aware of the 
risks of spiUage, and domestic customers are more difficult to monitor than industrial commercial 
customers. In the UK owners o f fuel oü tanks are responsible for any spiUages.
Both products are harmful to aquatic organisms and may cause long term adverse effects in the 
environment. Large volume may penetrate soü and could contaminate groundwater. Neither are 
readüy biodegradable, both have the potential to bioaccumulate and persist under anaerobic 
conditions.
In addition during the use stage, sulphur oxides which are emitted react with water vapour to form a 
sulphuric acid mist. This can poUute surface water in sufficient concentrations.
Industrial Gas Oü 5
Eldningsolja 1 4
Environmentalfate <0° effect 
Production
The impact o f spiUages are very simUar for both o f these products at the production stage. However 
increased C 02  emissions cause adverse impacts on air quaUty and cUmatic instabiUty. This is an 
indirect impact, and the C 02  emissions contributed from this product are smaU overaU.
Industrial Gas OU 2
Eldningsolja 1 2.5
^  Fuels Update, July 2000. http://SW W -
alobalsoiutions.sheli.com/FuelsFBG/pdf files/Ju!2000%20FU.PDF 
Heating oU Hazards website: http://WWW.nature.nPS.aov/tOXic/fueloi2h.pdf
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Use
As stated above, domestic heating oü has a high risk o f spillage and is harmful to the environment. 
There is a slight difference in environmental fate and effect due to the possibility o f acid rain from 
sulphur oxides.
Industrial Gas Oil 5
Eldningsolja 1 4
Use of non-renewable materials
Both products are completely non-renewable. This indicator is not ranked.
Recyclability
Both products are completely non-recyclable. This indicator is not ranked.
Amount of waste to landfill! hacyirdous waste
Production
At the production stage, slightly more waste is generated due to the removal o f sulphur from the oil. 
Compared to plant based oüs, the hazardous waste generated is much greater. Both products 
therefore rank reasonably high.
Industrial Gas Oü 3
Eldningsolja 1 3.5
Biodiversity reduction 
Production
At the production stage there are no differences in the direct impacts on biodiversity reduction, but 
in the long term, increased C 02  may reduce biodiversity due to poUution and cUmatic instabUity. 
This is an indirect impact.
Industrial Gas OU 3
Eldningsolja 1 3.5
Use
Acid rain due to sulphur created at use stage could also create indirect impacts on biodiversity.
Industrial Gas OU 4
Eldningsolja 1 3
By-product utility
There are no by-products, as we consider by-products to be elements which arise in extracting raw 
materials or which are not sold or disposed of. This indicator is not ranked.
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5.7.2 Social Indicators
Perceived Risk
Use
Industrial gas oil is probably perceived by some members o f the public as a high risk product 
(especially considering the bomb in the terrorist attack on Indonesia was reported to be made from 
heating oil) Customers who use gas oil will do so because they do not have mains gas or electricity. 
The other alternative available to them is solid fuel heating, which is perceived to be less risky. Solid 
fuel is not classified as flammable and does not present a contamination hazard.
Lower sulphur gas oü wül be perceived to be lower risk to some members of the pubHc, as it 
reduces the environmental risk. Some members o f the pubHc wül make the connection between 
sulphur oxides and acid rain, which leads to environmental damage such as damaging plant Ufe, 
cultural heritage and increasing corrosion o f structures.
Industrial Gas Oü 5
Eldningsolja 1 3
Effect on society's health 
Production
At the production stage the C 02  emissions have an impact on air quaUty with subsequent impacts 
on health. This is a smaU and indirect impact.
Industrial Gas Oü 3
Eldningsolja 1 4
Use
At the use stage sulphur oxides are emitted. Sulphur oxides are associated with irritation o f the 
respiratory tract and reduced lung function, wheezing, shormess of breath and chest tighmess, with 
increased incidence o f respiratory disease, especiaüy in more susceptible members o f the population 
such as young chüdren, the elderly and asthmatics.
Sulphur dioxide is often a local poüutant but can also be subject to long-range transport processes. 
In oxidized forms it can persist and be transported considerable distances as a fine particulate and 
can be an important component o f haze.
Sulphur dioxide is very soluble in water and therefore can cause irritation to the moist surfaces o f 
the nose, mouth, pharynx and major bronchi.
Fine particulates can be produced in air as a result of slow atmospheric reactions among gases 
including the oxidation o f sulphur dioxide and transported by atmospheric processes. 
Particles, especiaüy those much smaüer than 10 microns(PM^o) in effective diameter are deposited 
on the pulmonary region where they may persist. Fine particles may be transported long distances 
and may act as carriers for toxic contaminants. Particulates may impair respiratory function leading 
to acute respiratory morbidity and mortaüty. They irritate the respiratory tract , constrict airways.
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exacerbate asthma and bronchitis, and increase rates o f respiratory infection. Children and infants 
appear to be particularly sensitive
IG O  does not receive the highest ranking because IG O  in non-European countries wül have higher 
sulphur content. Eldningsolja does not receive the lowest ranking because lower sulphur gas oü is 
avaüable.
Industrial Gas Oü 4
Eldningsolja 1 1
Product leads to reduced employment 
Production
More work is involved in producing the lower sulphur lubricant. In addition, the beneficial effects 
of sulphur - high-pressure lubrication and action as a charge dissipator (conductors) - must be 
replaced.
Industrial Gas Oü 3
Eldningsolja 1 2
Ukelihood of employee injury 
Production
Considering the extra processing and the modifications to plant that have to take place in order to 
produce low sulphur fuel, the likeHhood of employee injury is slightly higher for the lower sulphur 
fuel. In addition, the beneficial effects o f sulphur - high-pressure lubrication and charge dissipators 
(conductors) - must be replaced.
Industrial Gas Oü 2
Eldningsolja 1 3
Ustriction on product availability 
Use
Low sulphur heating oü is not as readüy avaüable due to the modified plant that is required to 
produce it. This is hypothetical because Eldningsolja is not sold outside of Sweden, but if low 
sulphur fuels become in demand in Europe (due to legislation) then restrictions on production 
volumes wül be an issue.
Industrial Gas Oü 0
Eldningsolja 1 2
^  Stockholm Environment Institute Factsheets 
http://wwwO.vork.ac.uk/inst/sei/rapidc/healthFS.html
190
Volume II — Swedish portfolio case study
5.7  Domestic heating oil
Impacts of changed usage behaviour due to characteristics of product 
Use
There is a possibility that some customers wül use more of the low sulphur product because they 
are aware that the environmental impacts o f the product are lower. This is not likely to be a large 
impact due to the higher price o f the low sulphur oü. Neither product are sustainable due to the 
reliance on fossil fuels, so both rank in the mid-range.
Industrial Gas Oil 3
Eldningsolja 1 3.5
Need for employee training 
Production
This indicator shows firstly the cost to the company. If  employees require training this is a cost to 
the company. Secondly, some workers may be replaced by more skilled workers, causing negative 
impacts. The fact that some workers are more skilled and can demand higher wages is not taken 
into account in this indicator. The production o f low sulphur gas oü wül require a smaü amount of 
training, however most o f the increased work is in the production o f new or modified plant, which 
is counted in ‘product leads to reduced employment’ indicator.
Industrial Gas Oü 3
Eldningsolja 1 4
Meets legislative requirements in all countries
Use
IGO does not meet the Swedish legislative requirement for less than 0.05% sulphur in gas oü. It 
therefore could not be sold in Sweden. At the moment Eldningsolja could not be sold in Europe as 
it does not have MSDSs or hazard labeUing in aU countries. However this could be resolved if it 
were to be sold in other European countries.
Industrial Gas Oü 5
Eldningsolja 1 2
Product benefit: convenience 
Use
Neither product has advantages in terms o f convenience. This indicator has been ranked because in 
future, a more convenient method o f deüvery may be developed.
Industrial Gas Oü 3
Eldningsolja 1 3
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5.7.3 Econom ic Indicators
Cost of labour 
Production
Eldningsolja costs slighdy more to produce in terms o f labour due to the increased sophistication of 
the method to remove sulphur.
Industrial Gas Oil 3
Eldningsolja 1 4
Cost of material inputs 
Production
The material inputs into lower sulphur fuel are slightly higher. Sulphur compounds in fuel have a 
couple o f beneficial effects in automotive fuels, which must be replaced as sulphur is reduced. They 
act as high-pressure lubricants in fuel injector pumps. Without alternative "lubricity additives", fuel 
pumps can fail after only a few strokes. They act as charge dissipators (conductors) reducing the 
build-up o f static charge during transfer operations. Anti-static additives or reduced flow rates, or 
both, may need to be used in order to prevent ignition during transfer and loading operations. 
These additives increase the cost o f material inputs slightly.
Industrial Gas Oil 3
Eldningsolja 1 4
Effect of stakeholder intervention
Use
Acid rain is an emotive issue which has been well publicised by NGOs such as Greenpeace. 
Considering the large amount of sulphur in heating oü compared to gasoline and diesel, there is a 
smaü possibüity that NG O s may lobby the company to stop producing the higher sulphur product, 
thus impacting the image of the company. Neither product is entirely free from danger o f attack 
over environmental issues, due to the reliance on fossü fuels and other combustion products such as 
C02.
Industrial Gas Oü 4
Eldningsolja 1 2
Profit from the product
Use
The more lower sulphur product is more profitable, although this is tempered by the higher costs o f 
production. This indicator shows the benefit to the company.
Industrial Gas Oü 3
Eldningsolja 1
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Price of the product 
Use
The lower sulphur product is more expensive. Low sulphur heating oü costs 17p/litre ^^whüe an
approximate average price over the last decade for normal heating oü in the US is 90 cents per 
gaUon which tn  
low sulphur diesel.
ranslates into 13p/Htre. There is therefore approximately 30% increase in price for
Industrial Gas Oü 2
Eldningsolja 1 4
Ukelihood of reducedpeformance 
Use
Increasingly tight automotive gas oü specs mean that refineries ‘dump’ more unstable components 
into the IG O  pool, leading to a decrease in thermal and storage stabüity.
Low sulphur fuel is more efficient when burned and substantiaüy reduces maintenance and cleaning 
costs. Sulphur is a contributing factor in heat exchanger fouüng and efficiency degradation
Industrial Gas Oü 4
Eldningsolja 1 2
^  Energy Information Administration, US Department for Environment
http://www.eia.doe.aov/pub/oil aas/petroleum/analvsis publications/heating brochure/ 
heatbro.htm
^  Personal Communication with Greenergy see www.greenergy.com/energ)^_and_fuels/ 
cit}Tuels/reddiesel/
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Product category
1. Product 1
2. Product 2
Heating oil
industrial Gas Oil 
Eldningsolja
LIFE CYCLE STAGES
In d ic a to r Production Use Complete 
LC rankingProduct 1 Product 2 Product 1 Product 2
Energy use 2 4 -2
C 02 emissions 2 4 -2
Other emissions to air 4 1 3
Impact on water supplies - amount required, impact if split 5 4 1
Environmental fate & effect 2 2.5 5 4 0.5
Use of non-renewable materials 0
Recyclability 0
Amount of waste to landfill/spec.waste. 3 3.5 -0.5
Biodiversity reduction * 3 3.5 4 3 0.5
By-product utility * 0
Environmental indicators summed 12 17.5 18 12
% of total unsustainability 48 70 90 60
difference in percentage - SUSTAINABILITY MEASURE -22 30 8
Perceived Risk 5 3 2
Effect on society's health 3 4 4 1 2
Product leads to reduced employment 3 2 1
Likelihood of employee injury 2 3 -1
Restriction on product availability 0 2 -2
Impacts of changed usage behaviour due to characteristics of product 3 3.5 -0.5
Need for employee training * 3 4 -1
Meets legislative requirements 5 2 3
Product benefit: convenience **** 3 3 0
Social indicators summed 11 13 15 11.5
% of total unsustainability 55 65 50 38.33333
difference in percentage - SUSTAINABILITY MEASURE -10 12 2
Cost of labour 3 4 -1
Cost of material inputs 3 4 -1
Effect of stakeholder intervention 4 2 2
Profit from the product 3 2 1
Price of the product 2 4 -2
Likelihood of reduced performance 4 2 2
Economic indicators summed 
% of total unsustainablllty
difference in percentage - SUSTAINABILITY MEASURE
6
60
8
80
13
65
10
50
-5-20 15
194
Volume II — Swedish portfoUo case study
5.8 Diesel
5 . 8  D i e s e l
Comparison o f CityDiesel to BioDlesel 
Environmental Indicators
The rankings o f the environmental data are mostly based on quantitative information^^. This study 
is a highly detailed life cycle comparison o f biodiesel with soybean oil feedstock rather than rapeseed 
oü feedstock. This information is used because the differences between the agriculture, harvesting, 
cmshing and processing of the soybeans and rapeseed are smaü compared to the difference between 
these two and diesel based on petroleum, so the data is appropriate for ranking the products relative 
to one another. Some impacts are different for RME and where this is the case, information specific 
to RME has been used.
Energy use 
Extraction
Agriculture and crushing require 0.14MJ per MJ of power, whüe crude oü extraction requires
0.04MJ/1VÇ of power. Plant based diesel represents the most energy intensive extraction stage. 
Diesel based on crude is not the least energy intensive, because process wül be developed in future 
to reduce the energy requirements.
CityDiesel rank 2
BioDiesel rank 4
Production
Cmde OÜ refining requires 0.131VÇ per MJ of power, whüe oü conversion requires 0.8MJ/MJ per MJ 
of power. Again the plant based represents close to the most energy intensive production stage, 
although in other countries with lower technology the energy requirements may be higher. The 
mineral based is not the least energy intensive as less energy intensive refining wül be developed in 
future.
CityDiesel rank 2
BioDiesel rank 4
Use
Energy use is the same at the use phase.
C 02 emissions
Growing rapeseed takes up carbon so it is a carbon sink. Over the complete Hfe cycle, RME 
biodiesel produces less greenhouse gas emissions than conventional diesel.^^ RME Biodiesel does
U.S. Department o f Agriculture and U.S. Department o f Energy (May 1998) ‘Life Cycle Inventory 
of Biodiesel and Petroleum Diesel for Use in an Urban Bus’
BABFO (1994) “Rationale and Economics of a British Biodiesel Industry” British Association for 
Biofuels and Oüs [www.biodiesel.org]
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not give rise to any net C 0 2  emissions on combustion within the use phase o f the life cycle^^. As a 
result C 02  emissions are 80% lower than those o f diesel over the complete life cycle. The products 
have been ranked to reflect this.
Extraction
CityDiesel rank 2
BioDiesel rank -5
Production
CityDiesel rank 2
BioDiesel rank 0
Use
At the use stage biodiesel gives rise to slightly more C 0 2  - 4.7%.
CityDiesel rank 4
BioDiesel rank 5
Other emissions to air
Seven types o f emissions are considered. These are carbon monoxide (CO), non-methane 
hydrocarbons (NMHC), methane (CH4), nitrogen oxide (NOx), particulate matter less than 10 
microns (PMIO), particulates of aU other sizes, and sulphur dioxide (SOx).
Extraction
When we compare crude petroleum extraction to agriculture and crushing, the emissions o f CO, 
NMHC, NOx, particulates and SOx are all less from cmde petroleum extraction. Methane 
emissions are similar.
CityDiesel rank 1
BioDiesel rank 4
Production
When we compare cmde oil refining to conversion of plant oü, refining gives rise to more CO, 
NMHC, NOx, and particulates, but conversion gives rise to higher CH4 emissions.
CityDiesel rank 2
BioDiesel rank 1
Use
At the use phase, mineral-based diesel gives rise to higher NMHC and PMIO emissions. Biodiesel
34 35 36gives rise to higher CH4, SOx, NOx , and CO and the difference is greater for these
emissions than the others. Overaü biodiesel has a süghtiy higher impact.
^  Peterson, C.L. and HustruHd, T. (1998) “Carbon Cycle for Rapeseed Oü Biodiesel Fuels” Biomass 
and Bioenerg)! Yo\. 14, no. 2, pp 91 — 101
^  Kraus,K., Niklas G., Tappe M., (2000) “Current Evaluation o f the Use o f Rapeseed Oü /  RME as 
Compared With Diesel Fuel” ISSN; 0722-186X 
Reinhardt, G.A. and Jungk, N. (2000) “Pros and Cons o f RME Compared to Conventional Diesel 
Fuel” IFEU, Institut fur Energie - und Unweltforschung Heidelberg, Germany 
Altin R., Cetinkaya S., Yucesu H.S. (2001) “The Potential o f Using Vegetable Oü Fuels as Fuel for 
Diesel Engines” Energ Conversion and Management 42 pp. 529 - 538
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CityDiesel rank 3
BioDiesel rank 4
Impact on water supplies - amount required, impact if  split
Petroleum diesel generates roughly five times as much wastewater flow as biodiesel.
Extraction
Extraction accounts for 80% of the total wastewater flow in the petroleum diesel life cycle. Spillages 
to water are possible. Biodiesel may require irrigation water.
CityDiesel rank 5
BioDiesel rank 2
Production
20% wastewater flow from petroleum is associated with the refinery. This is still greater than two- 
thirds o f the total wastewater flows for biodiesel which come from oü conversion.
CityDiesel rank 3
BioDiesel rank 2
Use
Biodiesel is biodegradable, so a spülage at the use stage would have low impact compared to a 
spiüage of petroleum diesel. Spülages are not very Mkely however, so Citydiesel does not receive the 
highest ranking.
CityDiesel rank 4
BioDiesel rank 2
Environmentalfate <& effect
RME biodiesel has low toxicity and high biodegradabüity [2,5]. The products have been ranked to 
reflect this.
Extraction
The effect o f a spülage o f petroleum is severe, but the materials at the agriculture and cmshing 
stages are comparatively benign. There is a smaü risk o f agricultural accidents which could have a 
negative ecotoxic effect.
CityDiesel rank 4
BioDiesel rank 2
Production
At the refining stage, spülages would have an adverse environmental effect. In the oü conversion 
stage spülages would not have such an adverse environmental impact.
CityDiesel rank 3
BioDiesel rank 1
Use
The effect o f a spiüage o f petroleum diesel has adverse ecotoxicological effects, however biodiesel is 
biodegradable so the impacts would not be as severe.
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CityDiesel rank 4
BioDiesel rank 2
Use of non-renewable materials 
Extraction
Petroleum diesel is non-renewable on the timescales we consider, whereas rapeseed is completely 
renewable.
CityDiesel rank 5
BioDiesel rank 0
Production
CityDiesel rank 5
BioDiesel rank 0
Use
CityDiesel rank 5
BioDiesel rank 0
Recyclability
The product can only be used once and cannot be recycled. This indicator is not relevant for these 
products.
Amount of waste to landfill! spec.waste
Over the complete life cycle, petroleum diesel generates 40 times as much hazardous waste, but only • 
one quarter o f the amount of non-hazardous waste. Hazardous waste: almost aU arises from the 
crude oü refining process. Half o f non-hazardous waste comes here. Half is from extraction step. 
Agriculmre gives rise to a smaü amount o f hazardous waste from agriculture and non-hazardous 
waste also comes from the cmshing (extraction) stage.
Extraction
CityDiesel rank 2
BioDiesel rank 1
Production
CityDiesel rank 5
BioDiesel rank 1
Biodiversity reduction 
Extraction
Petroleum extraction changes the biodiversity on land by occupying it and poUuting it. Rapeseed 
agriculmre occupies much more land, but there wül stiü be a degree o f biodiversity, and the 
poUution WÜ1 not be as great.
CityDiesel rank 3
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BioDiesel rank 4
Production and use do not have a direct impact on biodiversity.
By-product utility 
Extraction
There are no by-products from the extraction o f petroleum, because aU of the chains in petroleum 
from short to long are used. Agriculture o f rapeseed leads to straw and oil seed cake for animal feed. 
These are valuable by products which can be used directly on a farm at no extra cost.
CityDiesel rank 3
BioDiesel rank 0
Production
Glycerin and soapstock are produced as by-products during the biodiesel production stage.
CityDiesel rank 3
BioDiesel rank 0
There are no useful by-products at the use stage.
5.8.2 Social Indicators
AH social indicators are applicable to the biodiesel vs. citydiesel rankings.
Perceived Risk 
Extraction
Extraction o f oü is seen as a high risk undertaking with incidents often reported in global media and 
highly publicized.
The growth o f large amounts o f rapeseed requires^ an extensive amount o f land. There have been 
concerns expressed recently regarding the danger of monocultures. These issues were highüghted 
with the introduction o f geneticaUy modified crops into the pubHc arena (rapeseed is not a 
geneticaUy modified crop but this could stiü cause an effect on people’s perceptions). The perceived 
risk o f large expanses aü growing the same type of crop could be considerable. Therefore, both 
products have been ranked as 3
CityDiesel rank 3
Biodiesel rank 3
Production
Both fuels require the same type o f production and transportation (petrol tankers) and therefore, 
the perceived risk would be the same for both types o f fuel. It has been left in the calculations 
because this could change if the markings on the tankers were different for the biodiesel. It is
important to remember that this is measuring perceived not actual risk.
The rarüdng of 4 is because petrol tankers are perceived as a fairly high risk method of 
transportation with a number of incidences occurring on the road.
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CityDlesel rank 4
Biodiesel rank 4
Use
When in use it is expected that individuals wül know they are using biodiesel as opposed to 
conventional diesel (CityDiesel). The knowledge that the fuel is derived from plant extracts wül 
affect people’s perceptions o f the use o f the fuel, as they are likely to think it is less dangerous and 
more environmentaUy friendly (even though this may not necessarily be the case with the impact of 
additives). This difference in perception means the biodiesel is ranked as 2 whüst the CityDiesel is 
ranked as 4.
CityDiesel rank 4
Biodiesel rank 2
Effect on society's health
Air emissions can create health impacts so the rankings reflect these to an extent.
Extraction
Recent press reports have highlighted concerns over increased hay fever and asthma sufferers, in 
part blamed on the growth o f rapeseed. There has been very Httle conclusive evidence on this 
impact. However, the growth of rapeseed is more Visible’ to the general pubüc with the fields o f 
yeUow flowers. The raw materials o f CityDiesel are more remote to the general public with 
extraction sites situated offshore and present a more remote risk to society’s health. In this 
circumstance (and untü there is more evidence on the impact of rapeseed growth) and taking a 
cautious perspective, biodiesel has been ranked as 3 and CityDlesel is ranked as 2.
CityDlesel rank 2
Biodiesel rank 3
Production
Impact WÜ1 be the same for both fuels.
Use
There is a lack of information on the health effects of biodiesel at the present time (Krahl et al., 
2001). This is particularly true when referring to emissions that are found in low concentrations 
(below 10 m g/m ^. BABFO (1994) highlighted the increasing level o f concern regarding the health 
effects o f the minute particles in exhaust emissions (PMlOs). The particulates formed from the use 
of RME biodiesel are smaUer and easier to inhale; however, the exact irritative effects in the 
respiratory and annoyance reactions are unclear at present (ArbetsHvsinstitutet, 1999). From the 
research avaüable it can be assumed that an overaü reduction in carcinogenic potential is not 
achieved through the use of RME biodiesel.
The major health effect at the use phase would be carcinogenic, as this evidence shows biodiesel
does not present a saving in this area. Therefore, both fuels have been ranked as 3. This could
change as research develops and so it has been left in as a valuable measure.
CityDlesel rank 3
Biodiesel rank 3
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Product leads to reduced employment
If  a product leads to reduced employment it can be viewed as unsustainable as it is having a negative 
impact on society. Jobs are one of the contributing factors to people’s quality o f Hie.
Extraction
Research by BABFO (1994) concluded that employment involved directly in a Biodiesel plant 
would be smaU. They estimate that a plant producing 50,000 tonnes o f RME would require around 
17 fuU time jobs (of which 7 are for estérification and 10 for cmshing).
The impact o f employment on agriculture is seen as being significant. BABFO indicate that a 
30,000 tonne plant would retain up to 360 jobs in agriculture and related industries. Korbitz (1999) 
produced a macro-economic picture that concludes 300,000 hectares o f rapeseed in Germany 
would create 5,000 jobs.
Kraus et al (2000) disagrees with these findings by claiming that the promotion of rapeseed oü fuels 
wiU create no jobs in agriculture. They propose that with the cultivation o f non-food rapeseed the 
additional profit contributions earned would be too low to cover the associated labour costs in the 
long term.
The references that propose improved employment figures tend to take into account indirect job 
creation (thereby taking a wider scope o f analysis). The inclusion o f indirect effects assists in 
presenting an encouraging perspective.
The level o f job creation is dependent on farm size, so an optimum farm size would need to be 
calculated.
The total income from farming (TIFF) has faUen to its lowest level since entering the Common 
Agricultural PoHcy. This fact is displayed in Figure 2 it highHghts that farm incomes in the UK  are 
now as low (in real terms) as at any time in the last thirty years. Although focus is placed on the UK 
industry, the decHne in industry is occurring in the majority o f countries, particularly European.
Figure 2: Farm Incomes at 1999 Prices, UK, 1973 - 1999
Farm Ltcomes at 1P99 prices, UK, 1973 -199930 -,
25 -
20  -
■TIFF £bn •TIFF/head £'000
The University o f  Reading, 2000
It would appear that a change is required in agricultural practices. The growth o f rapeseed does not 
constitute the sole process by which the decHne in the agricultural industry can be stopped, but it 
wiU be a contributory factor. Initial plans are to use the set-aside land for growth o f rapeseed and
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the intention is to maintain a normal arable crop rotation. The growth o f rapeseed has been 
successfully achieved in a number of countries to date.
The differences in interpretation regarding employment levels are due to the studies looking at 
direct or indirect job levels. The exact level o f job creation is unclear. However, what is tme is that 
the agricultural industry (in all countries) is in a period o f decline and any job creation will help the
survival of this industry. Neither fuel would lead to a decline in job level so they have both scored
at the lower end o f the scale. The encouragement o f the agriculmral industry means the biodiesel 
scores slighdy lower.
CityDlesel rank 2
Biodiesel rank 1
Production
Impacts wiU be the same for both products.
Use
Impacts wiU be the same for both products.
Ukelihood of employee injury
The more likely that incidences can occur to employees, the less sustainable the product is. 
Extraction
Agricultural workers often suffer from hearing loss, stress and personal injury from operating farm 
machinery.
In 1999, the rate o f work-related injury and iUness in the oil and gas extraction industry, as a whole, 
was 3.5 per 100 full-time workers. This is less than for the entire private sector that had a figure of
6.3 per 100 full time workers (US Department o f Labour, 2002). Farm work has long had one o f 
the highest incidences o f illnesses and injuries o f any industry. In 1999, crop production had 7.0 
injuries and illnesses per 100 full-time workers, compared with an average o f 6.3 throughout private 
industry
Based on these figures CityDiesel has been given a ranking o f 2 whilst Biodiesel has been ranked as
4.
CityDiesel rank 2
Biodiesel rank 4
Production
Impacts wül be the same for both products.
Use
Impacts wiU be the same for both products.
Restriction on product availability 
A product needs to be avaüable to be sustainable.
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Extraction
There are two major issues in regards to availability of raw materials. The first is the level of land 
use required to produce adequate amounts o f rapeseed. The second is the amount of fossil fuel 
remaining available for extraction. Both will be limiting factors on the production o f the fuels. 
Despite land being available indefinitely for biodiesel production there may not be sufficient 
amounts to meet demand. Whereas fossil fuels are available for the next 50 years or so, and then 
their supply will begin to dwindle. A number o f countries, including Italy, require the raw materials 
for biodiesel production to be imported.
Limits on the production of non-food oilseeds, and a decrease in support payments for oilseed 
producers means there is less incentive for farmers to grow rapeseed.
Both products have been ranked as 3 because of these short and long-term issues.
CityDiesel rank 3
Biodiesel rank 3
Production 
N ot applicable
Use
Biodiesel is currently widely available in a number of countries, including Austria, France and 
Germany. In France around 390,000 hectares of land need to be devoted to oil seed production in 
order to supply the biodiesel plants. RME is blended with conventional diesel at a 5% mix and 
French customers are not in a position to identify the difference in the fuel. The product availability 
will vary depending on how it is distributed. In the French example biodiesel is widely available but 
at only a 5% mix. If  more significant mixes o f base fluid were used then this would impact the 
amount o f fuel that could be used.
It is expected that initially there would be a limited amount of biodiesel available. This may change 
as biodiesel becomes more accepted and demanded. Initially the products have been ranked as 0 
for CityDlesel (as this is currently widely available) and biodiesel as 3 as it is globally less widely 
available.
CityDlesel rank 0
Biodiesel rank 3
Impacts of changed mage behaviour due to characteristics of product
Changed usage behaviour for fuels would involve changing driving habits or requiring more 
frequent stops for re-fuelling.
Extraction 
Not applicable
Production 
Not applicable 
Use
In its pure form or in blends, biodiesel can be stored wherever petroleum diesel is stored, except in 
concrete-lined tanks. It handles Hke diesel and uses the same infrastructure for transport, storage 
and use. At higher blend levels, biodiesel may deteriorate natural mbber or polyurethane foam 
materials.
Essentially no engine modifications are required, and biodiesel maintains the payload capacity and 
range o f diesel.
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Operationally, biodiesel performs very similar to low sulfur diesel in terms o f power, torque, and 
fuel economy without major modification o f engines or infrastmcture. In over 15 million miles of 
in-field demonstrations biodiesel showed similar fuel consumption, horsepower, torque, and 
haulage rates as conventional diesel fuel (see http://www.sovDower.net/biodieselperfornnance.htmL
CityDlesel rank 2
Biodiesel rank 2
Needfor employee training
The more training that is required the more specialist knowledge is required to complete the job. 
With increased specialisation comes a change in the job structure and it is likely some individuals 
could lose their jobs as the changes occur.
Extraction
Both products require a significant level o f health and safety training. The training levels of the raw 
materials are similar so both have been ranked as 4.
CityDlesel rank 4
Biodiesel rank 4
Production 
Not applicable.
Use
N ot applicable.
Meets legislative requirements 
Extraction
Oil extraction sites are often situated on offshore platforms where marine legislation applies that are 
slightly different to land-based requirements. With the Kyoto Protocol and the call for reduced 
COg emissions from industry the ability o f fossil fuel extraction to meet legislation requirements is 
likely to decrease in the medium to long-term.
The production o f rapeseed is subject to agricultural laws and restrictions on the amount of land 
that can be used for non-food crops. It has more difficulty in meeting the short-term legislation 
requirements.
Both products are ranked as 1 at the present time, but this ranking is likely to change over time.
CityDiesel rank 1
Biodiesel rank 1
Production 
N ot applicable
Use
Biodiesel is registered as a fuel and fuel additive with the Environmental Protection Agency (EPA) 
and meets clean diesel standards established by the California Air Resources Board (CARB). The 
Department o f Energy (DOE) and the US Department of Transportation (DOT) have designated 
neat (100 percent) biodiesel as an alternative fuel.
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The imminent announcement by the European Commission o f its proposals for two new directives 
to ensure that biofuels make an important contribution to the total automotive fuel consumption in 
the EU will give a huge boost to the European Biodiesel industry.
The directives will make sweeping changes to tax laws to enable EU member states to introduce tax 
breaks for biofuels, and will stipulate that biofuels must make up a fixed percentage of aU 
automotive fuel sales across Europe.
CityDlesel rank 1
Biodiesel rank 1
Product benefit: convenience
Extraction 
N ot applicable 
Production 
N ot applicable 
Use
The same fuelling infrastructure is used for biodiesel as for city diesel. CityDlesel has been ranked 
as 0 as it is widely distributed and easily available, biodiesel has been given the ranking o f 3, as it is 
harder to find.
CityDlesel rank 0
Biodiesel rank 3
5.8.3 Econom ic indicators
Cost of labour
This indicator is included to show the cost o f employment for each stage of the product life cycle. 
It is closely related to the social indicators because the level o f pay reflects the number of jobs and 
pay rates that wUl have an impact on the local community (related indicator: product leads to a 
reduced level o f jobs).
Extraction
Average earnings in the oil and gas extraction industry were significantly higher than the average for 
aU industries. Based on US figures in 2000 private industry earnings per week is $474. For the oil 
and gas industry this figure is $749. In 2000, median earnings for workers in agricultural production 
were $335 a week
These figures provide an indication of the position in the US, but it can be assumed that they reflect 
the situation for a number o f countries. It would suggest that the cost o f labour for the oil and gas 
industry would be high, a ranking o f 3 (there are likely to be a number of jobs where pay would be 
higher). In contrast the agricultural employees is a 1 as the cost is low compared to the average.
CityDlesel rank 3
US Department o f Labour (2002) “Oil and Gas Extraction” [available online] 
http:/ Avww.bls.gov/o co /eg /cgs005.htm [accessed 02/09/02]
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5.8 Diesel
Biodiesel rank 1
Production 
N ot applicable 
Use
The labour requirements in the use phase wül be the same for both products.
Cost of material inputs
The economic price o f the materials added to each stage o f the product’s life cycle.
Extraction
Rapeseed can be produced relatively cheaply (and indefinitely). Extraction o f oü is a fairly high cost 
procedure but it is done in vast quantities, which brings the price down.
The cost o f producing biodiesel is approximately three times that o f conventional diesel.
With this in mind the biodiesel has been ranked as 4 (not a 5 because it is possible that it could cost 
more if taxes were increased). The oü has been ranked as 1 because at present it is the most cost 
effective method o f fuelling cars.
CityDiesel rank 1
Biodiesel rank 4
Production 
N ot applicable 
Use
N ot applicable
Effect of stakeholder intervention
This indicator relates to the damage that can occur to a business in the event o f an incident during 
the life cycle o f a product. The damage can manifest itself through damage to reputation or faUing 
sales.
Extraction
An incident occurring during the extraction o f the raw materials for an oü-based product are likely 
to be significant. Events such as the Piper Alpha and the Sea Empress incidents highüght this fact. 
They have been given the value of 4. Biodiesel contains plant-derived inputs. An incident involving 
these inputs would have significantly less impact on the business. However, there have been recent 
issues associated with GM crops and monocultures that could have an effect so the biodiesel has 
been ranked as 2.
CityDlesel rank 4
Biodiesel rank 2
Production 
Not applicable
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5.8 Diesel
Indicators for production could be included if marketing was taken into account within the tool. 
The impact of an incident that involved biodiesel would be different to the CityDiesel if people 
were aware of the differences. Biodiesel is not a common fuel in today’s marketplace, so its 
introduction will not necessarily lead to easy ‘acceptance’ by the consumer. It wiU take time for 
understanding and acceptance to develop associated with biodiesel (and any incidences in the early 
years wül affect this).
Use
An incident involving CityDlesel wül have much greater impact on the business at the present time 
because it is a core product o f the industry. It is sold worldwide to a significant number of 
consumers. In comparison the biodiesel would be a new venture for the SheU Group and its initial 
distribution would be more limited. There is also the fact that CityDlesel would be viewed as being 
less environmentaUy friendly compared to the plant-based biodiesel.
The impact would depend on the type of event but the worst-case scenario is considered o f an 
incident involving multiple fataUties. Therefore, the CityDlesel has been ranked as 5 whüst the 
biodiesel has been ranked as 2.
CityDlesel rank 5
Biodiesel rank 2
Profit from the product
Biodiesel is not a currently marketed or sold by the SheU Group (although it could be in the future) 
so this indicator has not been completed.
Extraction 
Not appUcable 
Production 
Not appUcable 
Use
Not appUcable 
Price of the product
The higher the price, the less acceptable to the consumer.
Extraction 
N ot appUcable
Production 
Not appUcable
Use
The main social concern in that there should not be a significant cost difference between 
conventional and RME biodiesel. To a certain extent this issue ties in with one o f fuel efficiency. If  
a fuel is more expensive, this should ideaUy be compensated by increased fuel efficiency. RME 
biodiesel wül prove to be more expensive than conventional diesel (VoUebergh, 1997).
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5.8 Diesel
In the US: synthetic biodegradable fluids are in the $25-35 per gallon range; vegetable-based fluids 
average $13 per gallon and high quality petroleum products cost $7 to $8 per gallon^^.
The price of CityDiesel will be significantly cheaper than biodiesel. CityDlesel presents the most 
cost effective way of running a car at the present time so it has been ranked as 1. Biodiesel is 
ranked as 3 as it presents a fairly expensive form o f fuel (but not as expensive as some 
biodegradable fluids and there is the possibility o f reducing the price with the help o f tax breaks).
CityDlesel rank 1
Biodiesel rank 3
Ukelihood of reduced performance
The product may suffer from a reduced performance level during use (in comparison to a product 
designed for the same use).
Extraction 
N ot applicable
Production 
N ot applicable
Use
It is possible that biodiesel will deteriorate quicker than mineral oil and lead to reduced 
performance. It is not clear what extent the performance level wiU be affected and it wiU depend on 
the engine type and use. Therefore, the difference between the two fuels has been taken as being 
fairly smaU. CityDlesel is ranked as 1, biodiesel as 2.
CityDlesel rank 1
Biodiesel rank 2
^ Harvesting huhricants by Jessica Nelson “The Carbohydrate Economy” (vol. 3, issue 1, Fall 2000) 
http://www.carbohydrateeconomy.org/library/admin/uploadedfiles/Harvesting- Lubricants.htm
208
Volume II — Swedish portfolio case study
5.8 Diesel
P ro d u c t  c a te g o ry
1. Product 1
2. Product 2
D iesel fuel
CityDlesel
Biodiesel
LIFE CYCLE STAGES
Indicator Extraction Production Use Com plete
Product 1 Product 2 Product 1 Product 2 Product 1 Product 2 LG ranking
Energy use 2 4 2 4 -4
0 0 2  emissions 2 -5 2 0 4 5 8
Other emissions to air 1 4 2 1 3 4 -3
Impact on water supplies - amount required, impact if split 5 2 3 2 4 2 6
Environmental fate & effect 4 2 3 1 4 2 6
Use of non-renewable materials 5 0 5 0 5 0 15
Recyclability 0
Amount of waste to landfill/spec.waste. 2 1 5 1 5
Biodiversity reduction 3 4 -1
By-product utility 3 0 3 0 6
Environmental Indicators summed 27 12 25 9 20 13
% of total unsustainablllty 60 27 63 23 80 52
difference in percentage - SUSTAINABILITY MEASURE 33 40 28 101
Perceived Risk 3 3 4 4 4 2 2
Effect on society's health 2 3 3 3 -1
Product leads to reduced employment 2 1 1
Likelihood of employee injury 2 4 -2
Restriction on product availability 3 3 0 3 -3
Impacts of changed usage behaviour due to characteristics of product 2 2 0
Need for employee training 4 4 0
Meets legislative requirements 1 1 1 1 0
Product benefit: convenience 0 3 -3
Social indicators summed 17 19 4 4 10 14
% of total unsustainability 49 54 80 80 33 47
difference in percentage - SUSTAINABILITY MEASURE -6 0 -13 -19
Cost of labour 3 1 2
Cost of material inputs 1 4 -3
Effect of stakeholder intervention 4 2 5 2 5
Profit from the product 0
Price of the product 1 3 2
Likelihood of reduced performance 1 2 -1
Economic indicators summed 8 7 0 0 7 7
% of total unsustainability 53 47 0 0 47 47
difference in percentage - SUSTAINABILITY MEASURE 7 0 0 7
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C h a p t e r  S i x
COMPARISON OF RISK ASSESSMENT MATRIX 
(RAM) AND SUSTAINABILITY ASSESSMENT -  A 
PRODUCT CASE STUDY
Volume II — Comparison of RAM and SAM results case study
6.1 Summary
6 .1  S u m m a r y
The sustainability assessment tool, outlined in report OG.02.49017, allowed a comparison o f 9 
Swedish product pairs in order to establish which ones were more or less sustainable. The product 
types and names considered were:
•  Hydraulic fluid: Naturelle 46 versus Tellus 46
• Food grade lubricants: Cassida chain Oil spray versus Cassida chain Oü.
• Metalworking fluids: Sitala D201.03 versus Sitala B402.
•  H igh viscosity industrial lubricant: Valvata J 460 versus Vitrea
•  Low viscosity lubricant: Morlina 5 versus Vitrea Oü 10
•  Industrial grease: Kuggfett versus Maüeus GL
•  2-stroke gasoline engine oil: Nautüus versus SheU 2T
• Dom estic heating oil: Eldningsolja versus Industrial Gas Oü.
• D iesel fuel: Biodiesel versus Citydiesel.
Risk assessments were also carried out on these products in order to establish the differences 
between the two types o f product assessment tools.
The results can be summarised as:
Table 6.1: Comparison of risk assessment and sustainability matrix results
Product category Higher risk product Less sustainabie product
Hydraulic fluid Tellus 46 Tellus 46
Food grade lubricants Cassida chain Oil spray Cassida chain Oil spray
Metalworking fluids Sitala B402 Sitala D201.03
High viscosity Industrial lubricant Same for both products Same for both products
Low viscosity lubricant Morlina 5 Morlina 5
Industrial grease Same Malleus 500 during production 
Kuggfett during use
2-stroke gasoline engine oil Same Shell 2T Two-stroke
Domestic heating Oil Same for both products Eldningsolja during production 
Industrial Gas Oil during use
Diesel fuel Unable to complete Citydiesel
The main conclusions that can be found from this analysis o f products are:
•  The risk assessment matrix does not highüght issues associated with future legislation;
• The risk assessment matrix does not highüght areas where impacts can occur on more than one 
area o f the üfe cycle;
• The sustainabiüty assessment tool aüows for data to be included from outside the company 
boundaries.
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6 .2  Introduction
6 . 2  I n t r o d u c t i o n
The main findings from the investigation into the sustainability o f the Swedish portfolio (in 
document OG.02.49017) with risk phrases and high sales volumes were that:
Hydraulic fluid: Naturelle 46 is more sustainable than Tellus 46
Food grade lubricants: Cassida chain Oil spray is less sustainable than Cassida chain Oü. 
Metalworking fluids: Sitala D201.03 is less sustainable than Sitala B402.
H igh viscosity Industrial lubricant: Valvata J 460 and Vitrea 460 have a simüar level o f 
sustainability.
Low viscosity lubricant: Morüna 5 is less sustainable than Vitrea Oü 10.
Industrial grease: Kuggfett is more sustainable during production and transportation but less 
sustainable during use when compared to Maüeus 500;
2-stroke gasoline engine oil: Nautüus is more sustainable than SheU 2T;
Dom estic heating oil: Eldningsolja is less sustainable during production, but more sustainable 
during use when compared to Industrial Gas Oü;
D iesel fuel: Biodiesel is more sustainable than Citydiesel.
The purpose o f this report is to compare these findings with ones where risk assessments were 
undertaken on the products. The risk assessments on the products are outUned in the foUowing 
sections.
For the background to the calculations see appendix I for tier 1 assessments and Appendix II for 
tier II assessments. Appendix III has aU the products placed within a risk assessment matrix.
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6.3 Risk assessments
6 .3  R i s k  a s s e s s m e n t s
6.3.1 Hydraulic fluid
6.3.1.1 Naturelle H F E46
Product type: Synthetic biodegradable hydraulic lubricant 
Date of assessment: 10/12/2002
Table 6.2: Tier 1 assessment of Naturelle H F  E46
Hazard potential Production 
(t/yr in Sweden)
Use Physical
chemistry
Exposure potential Outcome
LOW (no R phrases) 1 (1.5) 4 4
vp = <0.1 kPa 
ws = insoluble
16 (MINIMAL) No further
6.3.1.2 Tellus 46
Product t\pe: Hydraulic fluid and transmission Oil 
Date of assessment: 10/12/2002
Table 6.3: Tier 1 assessment of Tellus 46
Hazard potential Production 
(t/yr in Sweden)
Use Physical
chemistry
Exposure potential Outcome
LOW (no R phrases) 2 (847) 4 4
vp = <0.1 kPa 
ws = very low
16 (LOW) Tier 2
The assessment at tier 2 level involves considering the impacts at manufacturing, supply, use and 
post use. IVIisuse/ abuse was not considered a relevant risk for this example. The questions asked 
of each phase were:
1. Are there circumstances under which people (e.g. operators), the environment, or assets can 
be directly exposed to the hazard of the product during manufacturing?
2. Are there controls in place to prevent these potential exposures?
3. Are there stages in the process where accidents are possible, which would increase the 
exposure?
The investigation is summarised in Table 6.4.
Table 6.4: Impacts of life gcle of Tellus 46
Question Manufacturing (M) Supply (S) Use(U) Post Use (P)
1 • Spillage (1)
• Maintenance work (2)
• Transport S p ‘i - • Improper 
disposal
2 • Guidance notes
• PPE
• PPE • Guidance notes • Guidance 
notes
3 • Changing 
containers/drums
• Human error
• Transferring to 
containers
• Snagged hydraulic line 
could cause release of 
product
• Disposal
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6.3 Risk assessments
The next stage is determination of how severity of an event (question 1) will affect people, assets, 
environment and reputation of the company. The severity is estimated using the guidance incuded 
in Appendix II. The value of severity determined for each event is then placed within a table that 
also displays the likelihood of the consequence. Table 6.5 shows the severity  ^and likelihood of each 
event. The letter in brackets M, S, U and P correspond to the life cycle stages. The inclusion of 
numbers 1 and 2 in brackets corresponds to where there are two events for one life cycle (in this 
example within manufacturing).
Table 6.5: Ukelihood and seventy of events for Tellus 46
Increasina likelihood of consecjuences
Severity A B C D E
Never 
heard of 
in...
industry
Heard of in industry Incident has 
occurred with 
this Company 
product
Happens several 
times per year 
with this 
Company 
product
Happens several 
times per year in 
a country with this 
Company product
P 2(1)(M ) 2 (8 ) 1 (P) 2 (2) (M) 1 ■.
A 0(1)(M ) 0(S) 1 (P) 0 (2) M)
E 2(1) (M) 1 (8) 1 (P) 1 (2) (M) 2
R 1 (1)(M) 0(8) 1 (P) 1 (2) (M)
The risk estimates are then placed in the risk assessment matrix. See Appendix 111 for all products 
placed on the matrix that received tier 2 and tier 3 assessments. The following Table 6.6 includes a 
summary of the risk classifications for the various life cycle stages of Tellus 46.
Table 6.6: Summary offindings for Tellus 46
Section of life cycle Risk classification Ranking (low/medium/high)
Manufacturing P2C LOW
Supply P2B LOW
Use P/E 2D MEDIUM
Post use P/E/R IB LOW
6.3.2 Food grade lubricants
6.3.2.1 Cassida chain Oil spray
Product type: Chain lubricant for use in food manufacturing 
Date of assessment: 10/12/2002
Table 6.7: Tier 1 assessment for Cassida chain Oil spray
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome
HIGH
(R12/38/65/51/53)
1 (0.2) 4 or 3 1 or 4
vp = data not avail, 
ws = negligible
Max 16 
(MINIMAL)
Tier 2
'■ The MSDS docs not include information about the propellant vapour pressure.
The assessment at tier 2 level involves considering the impacts at manufacturing, supply, use, post 
use and misuse/abuse. The questions asked o f each phase were:
1. Are there circumstances under which people (e.g. operators), the environment, or assets can 
be directly exposed to the hazard of the product during manufacturing?
2. Are there controls in place to prevent these potential exposures?
3. Are there stages in the process where accidents are possible, which would increase the 
exposure?
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6.3 Risk assessments
The investigation is summarised in Table 6.8.
Table 6.8: Impacts of life gcle of Cassida chain Oil spray
Question Manufacturing (M) Supply (S) Use (U) Post Use (P) Misuse/Abuse
(A)
1 • Transport » -ire • Crushing of 
aerosol can 
(flammability 
hazard)
• Inhalation 
of propane 
Gas
2 • PPE
3 • Accident in 
packaging plant due 
to poor maintenance 
of automated aerosol 
filling prooess
• Any stages 
where 
sparks 
could occur
• Disposal
The manaufacturing phase does not have an event associated with it. Despite this, the fact that 
stages of higher risk are highlighted in question 3 means this stage must still be included in the risk 
assessment.
The next stage is determination of how severity of an event (question 1) will affect people, assets, 
environment and reputation of the company. The severity is estimated using the guidance incuded 
in Appendix II. The value of severity determined for each event is then placed within a table that 
also displays the likelihood of the consequence. Table 6.9 shows the severity  ^and likelihood of each 
event. The letter in brackets M, S, U, P and A correspond to the Hfe cycle stages.
Table 6.9: Tikelihood and severity of events of Cassida chain Oil pray
Increasina likelihood of conseouences
Severity A B C D E
Never 
heard of 
in...
industry
Heard of in ....... industry Incident has 
occurred 
with this 
Company 
product
Happens 
several times 
per year with 
this Company 
product
Happens several 
times per year in 
a country with this 
Company product
P 3 (M) 3 (S) : 3 (P) 3 (A)
A 2(M) 1 (S) 2 : 0(P) 0(A)
E 1 (M) 0 (S) : :u:; 0 (P) o (A)
R 2 (M) 1 (S) 2 :U: 0 (P) 2 (A)
The risk estimates are then placed in the risk assessment matrix. See Appendix III for aU products 
placed on the matrix that received tier 2 and tier 3 assessments. The following Table 6.10 includes a 
summar}^ of the risk classifications for the various life cycle stages o f Cassida chain Oil spray.
Table 6.10: Sammag of findings for Cassida chain Oil pray
Section of life cycle Risk classification Ranking (low/medium/high)
Manufacturing P3B LOW
Supply P3B LOW
Use P4B LOW
Post use P3B LOW
Misuse/Abuse P3B LOW
6.3.2.2 Cassida chain Oil
Product type: Chain lubricant for use in food manufacturing 
Date of assessment: 10/12/2002
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6.3 Risk assessments
Table 6.11 : Tier 1 assessment of Cassida chain Oil
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome
LOW 1 (2) 4 ^9 1
vp = not avail, 
ws = negligible
4/2 (MINIMAL) No further
6.3.3 Metalworking fluids
6.3.3.1 Sitala D201.03
Product t^ ’pe: Metal working fluid (water extendable) 
Date of assessment: 10/12/2002
Table 6.12: Tier 1 assessment of Sitala D201.03
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome
LOW (R36/38/22/37) 1 (2) 3 1 or 4
vp = data not avail, 
ws = negligible
3/12
(MINIMAL)
No further
6.3.3.2 Sitala B402
Product type; Metalworking fluid (water extendable) 
Date of assessment: 10/12/2002
Table 6.13: Tier 1 assessment of Sitala B402
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome
LOW (R36/38/22) 2 (56.5) 3 4
vp = data not avail, 
ws = emulsifiable
24 (LOW) Tier 2
*  — Assumption that cmulsifiablc means highly soluble in water
The assessment at tier 2 level involves considering the impacts at manufacturing, supply, use, post 
use and misuse/abuse. The questions asked of each phase were:
1. Are there circumstances under which people (e.g. operators), the environment, or assets can 
be directly exposed to the hazard of the product during manufacmring?
2. Are there controls in place to prevent these potential exposures?
3. Are there stages in the process where accidents are possible, which would increase the 
exposure?
The investigation is summarised in Table 6.14.
Table 6.14: Impacts of life cycle of Sitala B402
Question Manufacturing (M) Supply (S) J; : J. Post Use (P) Misuse/Abuse (A)
1 • Skin and eyes 
exposed
• Transport • Separation 
of Oil and 
liquid
• Fluid left for too 
long resulting in 
bacterial growth
2 • PPE • PPE
3 • Mixing • Disposal
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6.3 RJsÂ assessments
The manaufacturing phase does not have an event associated with it. Despite this, the fact that 
stages of higher risk are highlighted in question 3 means this stage must still be included in the risk 
assessment.
The next stage is determination of how severity of an event (question 1) wiH affect people, assets, 
environment and reputation of the company. The severit}  ^is estimated using the guidance incuded 
in Appendix II. The value of severity determined for each event is then placed within a table that 
also displays the likelihood of the consequence. Table 6.15 shows the severity and likelihood of 
each event. The letter in brackets M, S, U, P and A correspond to the Hie cycle stages.
Table 6 . 15: Ukelihood and seventy Oj of Sitala B402
Increasina likelihood of consequences
Severity A B C D E
Never 
heard of 
in...
industry
Heard of in 
industry
Incident has occurred with
this Company
product
Happens 
several times 
per year with 
this Company 
product
Happens several 
times per year in 
a country with this 
Company product
P 1 (S) 2 (M) ^ 2 (P) 2 (A)
A 1 (S) 0 (M) 0 (P) 0 (A)
E 1 (S) 0 (M) 0 (P) 0 (A)
R 1 (S) 1 (M) 1 (P) 0 (A)
The risk estimates are then placed in the risk assessment matrix. See Appendix III for aU products 
placed on the matrix that received tier 2 and tier 3 assessments. The foUowing Table 6.16 includes a 
summar}^ of the risk classifications for the various Hfe cycle stages of Sitala B402.
Table 6.16: Summary of findings for Sitala B402
Section of life cycle Risk classification Ranking (low/medium/high)
Manufacturing P2C LOW
Supply P/A/E/R 1C LOW
Use P2C LOW
Post use P2C LOW
Misuse/Abuse P2C LOW
6.3.4 H igh viscosity Industrial lubricant
6.3.4.1 Valvata J 460
Product type; Industrial Oil (steam cyHnder Oil)
Date of assessment; 10/12/2002
Table 6.17: Tier 1 assessment of T^alvata J460
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome
LOW (no risk 
phrases)
2(39) 2 1
vp = data not avail, 
ws = negligible
4 (MINIMAL) No further
6.3.4.2 Vdtrea 460
Product type; Industrial Oil (steam cyHnder Oil) 
Date of assessment; 10/12/2002
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Table 6.18: Tier 1 assessment of Yitrea 460
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome
LOW (no risk 
phrases)
1 (0.2) 2 1
vp = <1
ws = negligible
2 (MINIMAL) No further
6.3.5 Low viscosity Industrial lubricant
6.3.5.1 Morlina 5 
Product t}rpe: Bearing Oil 
Date of assessment: 10/12/2002
Table 6.19: Tier 1 assessment of Morlina 5
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome
HIGH (R65) 2(32) 4 1
vp = <0.5pa 
ws = negligible
8 (MINIMAL) Tier 2
The assessment at tier 2 level involves considering the impacts at manufacturing, supply, use and 
post use. The questions asked of each phase were:
1. Are there circumstances under which people (e.g. operators), the environment, or assets can 
be directly exposed to the hazard of the product during manufacmring?
2. Are there controls in place to prevent these potential exposures?
3. Are there stages in the process where accidents are possible, which would increase the 
exposure?
The investigation is summarised in Table 6.20.
Table 6.20: Impacts of life cycle of Morlina 5
Question Manufacturing (M) Supply (S) Use(U) Post Use (P)
1 • Skin and eyes exposed • Transport • S!'.:n and eyes exposed • Disposal
2 • PPE • HSE training • PPE • HSE training
3 • Tank cleaning
The manufacmring phase does not have an event associated with it. Despite this, the fact that 
stages of higher risk are highlighted in question 3 means this stage must still be included in the risk 
assessment.
The next stage is determination of how severity of an event (question 1) wiH affect people, assets, 
environment and reputation of the company. The severity is estimated using the guidance included 
in Appendix II. The value of severity determined for each event is then placed witlain a table that 
also displays the likelihood of the consequence. Table 6.21 shows the severity and Ukelihood of 
each event. The letter in brackets M, S, U, P and A correspond to the life cycle stages.
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Table 6.21 : Ukelihood and seventy of events of Morlina 5
Increasina likelihood of conseouences
Severity A B C D E
Never 
heard of 
in...
industry
Heard of in 
industry
incident has occurred with
this Company
product
Happens 
several times 
per year with 
this Company 
product
Happens several 
times per year in 
a country with this 
Company product
P 2(S) 2{P) 2(M)
A 1 (S) 1 (P) 0(M)
E 2(S) 2(P) 0(M) 0
R 2(S) 1 (P) 1 (M)
The risk estimates are then placed in the risk assessment matrix. See Appendix III for all products 
placed on the matrix that received tier 2 and tier 3 assessments. The following Table 6.22 includes a 
summar)'- o f the risk classifications for the various Ufe cycle stages of Morlina 5.
Table 6.22: Summary of findings for Sitala B402
Section of life cycle Risk classification Ranking (low/medium/high)
Manufacturing P2D MEDIUM
Supply P/E/R 2A LOW
Use P2D MEDIUM
Post use P/E 2B LOW
6.3.5.2 Vitrea Oil 10
Product ty^e: Blended machine Oil (high speed rolling gears) 
Date of assessment: 10/12/2002
Table 6.23: Tier 1 assessment of Uitrea Oil 10
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome
LOW (no risk 
phrases)
1 (8.8) 4 1
vp = <0.5pa 
ws = negligible
4 (MINIMAL) No further
6.3.6 Industrial grease
6.3.6.1 Malleus G T 500
Product type: Industrial grease
Date of assessment: 10/12/2002
Table 6.24: Tier 1 assessment of Malleus G T 500
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome
LOW (no risk 
phrases)
2(17) 4 1
vp = not avail, 
ws = negligible
8 (MINIMAL) No further
6.3.6.2 Kug^ett
Product tt'pe: Industrial grease
Date of assessment: 10/12/2002
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6.3 Risk assessments
'Table 6.25: Tier 1 assessment of Tjiggfett
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome
LOW
(R21/40/42/20/22)
2(44) 4 1
vp = negligible 
ws = negligible
8 (MINIMAL) No further
6.3.7 2-stroke gasoline engine oil
6.3.7.1 Nautilus biodegradable outboard oil 
Product ty’-pe: Two-stroke gasoMne engine oil 
Date of assessment: 10/12/2002
Table 6.26: Tier 1 assessment of Nautilus biodegradable outboard oil
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome
LOW (but insufficient 
information)
1 (2.4) 5 1
vp = not avail, 
ws = negligible
5 (MINIMAL) Through 
to tier 2 
because 
of env. 
impact
A majority of this product passes into the environment during use. This fact was not highlighted 
within the tier 1 assessment. This product was therefore taken through to tier 2 despite the tier 1 
results. The MSDS for this product was not well developed as it had no indication of risk phrases 
this led to the environmental issues and exposure levels not being reflected adequately.
The assessment at tier 2 level involves considering the impacts at manufacmring, supply, use and 
misuse/abuse. Post use was not considered a relevant risk for this example. The questions asked of 
each phase were:
1. Are there circumstances under which people (e.g. operators), the environment, or assets can 
be directly exposed to the hazard of the product during manufacmring?
2. Are there controls in place to prevent these potential exposures?
3. Are there stages in the process where accidents are possible, which would increase the 
exposure?
The investigation is summarised in Table 6.27.
Table 6.27: Impacts of life cycle of Nautilus biodegradable outboard oil
Question Manufacturing
(M)
Supply (S) U se (U) Post Use
1 • Spillage • Spillage • Spil'aot: • Improper disposal
2 • Storage • Release to air
The manaufacmring phase does not have an event associated with it. Despite this, the fact that 
stages of higher risk are highlighted in question 3 means this stage must still be included in the risk 
assessment.
The next stage is determination of how severity of an event (question 1) will affect people, assets, 
environment and reputation of the company. The severity is estimated using the guidance incuded 
in Appendix II. The value of severity' determined for each event is then placed within a table that
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also displays the likelihood of the consequence. Table 6.28 shows the severity and likelihood of 
each event. The letter in brackets M, S, U and A correspond to the life cycle stages.
Table 6.28: Ukelihood and severity of events of Nautilus biodegradable outboard oil
Increasina likelihood of consequences
Severity A B C D E
Never 
heard of 
in...
industry
Heard of in ........industry Incident has 
occurred with 
this Company 
product
Happens 
several times 
per year with 
this Company 
product
Happens several 
times per year in 
a country with this 
Company product
P 2(F) 2(M) 2 (S) 2 (U)
A 0(A) 1 (M) 0 (S) 0 (U)
E 2(A) 2(M) 2 (S) 2 (U)
R 1(A) 2(M) 1 (S) 2 (U)
The risk estimates are then placed in the risk assessment matrix. See Appendix III for all products 
placed on the matrix that received tier 2 and tier 3 assessments. The following Table 6.29 includes a 
summary o f the risk classifications for the various life cycle stages of Nautilus outboard oil.
Table 6.29: Summary of findings for Nautilus outboard oil
Section of life cycle Risk classification Ranking (iow/medium/high)
Manufacturing E2C LOW
Supply E2D MEDIUM
Use E2D MEDIUM
Post use E2B LOW
6.3.7.2 Shell 2T  Two-stroke Oil
Product type: Two-stroke Gasoline engine Oil
Date o f assessment: 10/12/2002
Table 6.30: Tier 1 Assessment of Shell 2T  Two-stroke Oil
Hazard potential Production 
(t/yr in Sweden)
Use Physical
chemistry
Exposure
potential
Outcome
LOW (but more info, 
required)
1 (2.4) 5 1
yp = >1
ws = negligible
5
(MINIMAL)
Through to tier 2 
because of env. 
impact
A majority of this product passes into the environment during use. This fact was not highlighted 
within the tier 1 assessment. This product was therefore taken through to tier 2 despite die tier 1 
results. The MSDS for this product was not well developed as it had no indication o f risk phrases 
this led to the environmental issues and exposure levels not being reflected adequately.
The assessment at tier 2 level involves considering the impacts at manufacturing, supply, use and 
post use. Misuse/ abuse was not considered a relevant risk for this example. The questions asked 
of each phase were:
1. Are there circumstances under which people (e.g. operators), the environment, or assets can 
be directly exposed to the hazard of the product during manufacturing?
2. Are there controls in place to prevent these potential exposures?
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3. Are there stages in the process where accidents are possible, which would increase the 
exposure?
The investigation is summarised in Table 6.31.
Table 6.31: Impacts of life cycle of Shell 2T  Two-stroke Oil
Question Manufacturing
(M)
Supply (8) :e(U Post Use (P)
1 • Spillage • Spillage Spilla,:::. • Disposal
2 • PPE • Guidance notes • Guidance 
notes
• Guidance notes
3 • Storage • T ransfer to 
containers
• Machinery 
fault
• Not taken to approved 
handler
The manaufacturing phase does not have an event associated with it. Despite this, the fact that 
stages of higher risk are highlighted in question 3 means this stage must stiU be included in the risk 
assessment.
The next stage is determination of how severity of an event (question 1) will affect people, assets, 
environment and reputation of the company. The severit)  ^ is estimated using the guidance incuded 
in Appendix II. The value of severity determined for each event is then placed within a table that 
also displays the likelihood of the consequence. Table 6.32 shows the severity and likelihood of 
each event. The letter in brackets M, S, U and P correspond to the life cycle stages.
Table 6.32: Ukelihood and severity of events of Shell 2T  Two-stroke Oil
Increasina likelihood of consequences
Severity A B C D E
Never 
heard of 
in...
industry
Heard of in 
industry
Incident has occurred with
this Company
product
Happens 
several times 
per year with 
this Company 
product
Happens several 
times per year in 
a country with this 
Company product
P 2(P) 2(M) 2 (S )2  :
A 0(P) 1 (M) 0 (S) 0 : :
E 2(P) 2(M) 2(S) 'U,
R 1 (P) 2(M) 1 (S)1 /
The risk estimates are then placed in the risk assessment matrix. See Appendix III for all products 
placed on the matrix that received tier 2 and tier 3 assessments. The following Table 6.33 includes a 
summary of the risk classifications for the various Ufe cycle stages of Shell 2T two-stroke.
Table 6.33: Summary of findings for Shell 2T  Two-stroke Oil
Section of life cycle Risk classification Ranking (Iow/medium/high)
Manufacturing E/P/R 2C LOW
Supply E/P2D MEDIUM
Use E/P2D MEDIUM
Post use E/P 2B LOW
The letters in bold in the risk classification column depict the predominant type of impact. In the 
case of Shell 2T Two-stroke oil this is environment.
223
Volume II -  Environmentally-acceptable hydraulic fluid case study
6.3 Risk assessments
6.3.8 Dom estic heating Oil
6.3.8.1 Eldningsolja 1
Product typie: Domestic heating Oil
Date of assessment: 10/12/2002
Table 6.34: Tier 1 assessment of Eldningsolja 1
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome
HIGH
(R340/65/66/52/53)
5 (approx. 45000) 5 4
vp = 500Pa @ 40°C 
ws =
100 (HIGH) Tier 3
The assessment at tier 2 level involves considering the impacts at manufacturing, supply, use and 
misuse/abuse. Post use was not considered a relevant risk for this example. The questions asked of 
each phase were:
1. Are there circumstances under which people (e.g. operators), the emdronment, or assets can 
be directly exposed to the hazard of the product during manufacturing?
2. Are there controls in place to prevent these potential exposures?
3. Are there stages in the process where accidents are possible, which would increase the 
exposure?
The investigation is summarised in Table 6.35.
Table 6.35: Impacts of Ife cycle of Eldningsolja 1
Question Manufacturing
(M)
Supply (S) -S( Misuse/Abuse (A)
1 • Ignition • Transport • Used as an explsoive
2 • PPE • Heating Oil (unknown brand) thought to be 
used to make terrorist bomb in Indonesia 
(2002)
3 • Storage
The manaufacturing phase does not have an event associated with it. Despite this, the fact that 
stages of higher risk are highlighted in question 3 means this stage must still be included in the risk 
assessment.
The next stage is determination of how severity of an event (question 1) wiU affect people, assets, 
environment and reputation of the company. The severity is estimated using the guidance incuded 
in Appendix 11. The value of severity  ^determined for each event is then placed within a table that 
also displays the likelihood of the consequence. Table 6.36 shows the severity and likelihood of 
each event. The letter in brackets M, S, U and A correspond to the life cycle stages.
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Table 6.36: Ukelihood and seventy Oj
Increasina likelihood of consequences
Severity A B C D E
Never 
heard of 
in...
industry
Heard of in ....... industry Incident has 
occurred with 
this Company 
product
Happens 
several times 
per year with 
this Company 
product
Happens several 
times per year in 
a country with this 
Company product
P 4 (M) 5 (8) 5 (A) 0 ; 7)
A 0 (M) 2 (8) 0 (A) 0
E 0 (M) 1 (8) 2 (A) 2 :
R 2 (M) 2 (8) 1 (A)
The risk estimates are then placed in the risk assessment matrix. See Appendix 111 for aU products 
placed on the matrix that received tier 2 and tier 3 assessments. The following Table 6.37 includes a 
summary of the risk classifications for the various life cycle stages of Eldningsolja 1.
Table 6.37: Summary of findings for Eldningsolja 1
Section of life cycle Risk classification Ranking (Iow/medium/high)
Manufacturing P4B MEDIUM
Supply P5B MEDIUM
Use E2E MEDIUM
Misuse/Abuse P5B MEDIUM
6.3.8.2 Industrial Gas Oil
Product type: Fuel for off-road diesel engines
Date of assessment: 10/12/2002
Table 6.38: Tier 1 assessment oflndustrial Gas Oil
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome I
HIGH (r40/65/52/53) 4(1332) 5 4
vp = 10OPa @ 40°C 
ws =
80 (MEDIUM)
The assessment at tier 2 level involves considering the impacts at manufacturing, supply, use and 
misuse/abuse. Post use was not considered a relevant risk for this example. The questions asked of 
each phase were:
4. Are there circumstances under which people (e.g. operators), the emdronment, or assets can 
be directly exposed to the hazard of the product during manufacturing?
5. Are there controls in place to prevent these potential exposures?
6. Are there stages in the process where accidents are possible, which would increase the 
exposure?
The investigation is summarised in Table 6.39.
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Table 639: Impacts of life cycle oflndustrial Gas Oil
Question Manufacturing
(M)
Supply (S) Use fU) Misuse/Abuse (A)
1 • Ignition • Transport • Suiptiur 
omission
• Used as an explsoive
2 • PPE • Heating Oil (unknown brand) ttiought to be 
used to make terrorist bomb in Indonesia 
(2002)
3 • Storage • RTA
The manaufacturing phase does not have an event associated with it. Despite this, the fact that 
stages of higher risk are highlighted in question 3 means this stage must still be included in the risk 
assessment.
The next stage is determination of how severity of an event (question 1) will affect people, assets, 
environment and reputation of the company. The severity is estimated using the guidance incuded 
in Appendix 11. The value of severity  ^determined for each event is then placed within a table that 
also displays the likelihood of the consequence. Table 6.40 shows the severity and likelihood of 
each event. The letter in brackets M, S, U and A correspond to the life cycle stages.
Table 6.40: Ukelihood and severity of events oflndustrial Gas Oil
Increasina likelihood of consequences
Severity A B C D E
Never 
heard of 
in...
industry
Heard of in industry Incident has 
occurred with 
this Company 
product
Happens 
several times 
per year with 
this Company 
product
Happens several 
times per year in 
a country with this 
Company product
P 4 (M )5 (S ) 5(A) :U:;
A 0(M )2(S ) 0(A) .
E 0 (M) 1 (S) 2 (A) 2 :i 1
R 2 (M )2(S ) 1(A)
The risk estimates are then placed in the risk assessment matrix. See Appendix III for aU products 
placed on the matrix that received tier 2 and tier 3 assessments. The following Table 6.41 includes a 
summar}' of the risk classifications for the various life cycle stages of Industrial gas oil.
Table 6.41 : Summary of findings for Industrial Gas Oil
Section of life cycle Risk classification Ranking (Iow/medium/high)
Manufacturing P4B MEDIUM
Supply P5B MEDIUM
Use E/R 2E MEDIUM
Misuse/Abuse P5B MEDIUM
6.3.9 Diesel fuel
6.3.9.1 Biodiesel
Product tyy)e; Fuel for diesel engines
Date of assessment: assessment could not be completed because this is not yet an accepted product 
provided by Shell. Therefore, there was no indication of hazard, production, use, physical chemistr}^ 
or exposure potentials.
6.3.9.2 CityDiesel
Prouct ty'pe: Fuel for diesel engines
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Date of assessment: 10/12/2002 
Table 6.42: Tier 1 assessment of Citydiesel
Hazard potential Production 
(t/yr in Sweden)
Use Physical chemistry Exposure
potential
Outcome
HIGH
(R65/38/51/53)
5 (approx. 
45000)
5 4
vp = >500Pa 
ws =
100 (HIGH) TIERS
The assessment at tier 2 level involves considering the impacts at manufacturing, supply, use and 
misuse/abuse. Post use was not considered a relevant risk for this example. The questions asked of 
each phase were:
1. Are there circumstances under wliich people (e.g. operators), the emdronment, or assets can 
be directly exposed to the hazard of the product during manufacturing?
2. Are there controls in place to prevent these potential exposures?
3. Are there stages in the process where accidents are possible, which would increase the 
exposure?
The investigation is summarised in Table 6.43.
Question Manufacturing (M) Supply (S) Misuse/Abuse (A)
1 • Exposure • Transpi;rt • Arson or deliberate inhalauon
2 • PPH • Guidance notes • Self-abuse
3 • Addition of additives • RTA • RTA
The manaufacmring phase does not have an event associated with it. Despite this, the fact that 
stages of higher risk are highlighted in question 3 means this stage must stiU be included in the risk 
assessment.
The next stage is determination of how severity of an event (question 1) wiU affect people, assets, 
environment and reputation of the company. The severity is estimated using the guidance incuded 
in Appendix 11. The value of severity determined for each event is then placed within a table that 
also displays the Ukelihood of the consequence. Table 6.44 shows the severity and UkeUhood of 
each event. The letter in brackets M, S, U and A correspond to the Ufe cycle stages.
Table 6.44: Ukelihood and severity of events of Citydiesel
Increasina likelihood of consequences
Severity A B C D E
Never 
heard of 
in...
industry
Heard of in 
industry
Incident has occurred 
with this Company 
product
Happens several 
times per year with 
this Company 
product
Happens several 
times per year in 
a country with this 
Company product
P 4(S) 2(M) 4(A)
A 1 (S) 0(M) 0(A)
E 2(S) 0(M) 2(A)
R 2(S) 0(M) 1(A)
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The risk estimates are then placed in the risk assessment matrix. See Appendix III for all products 
placed on the matrix that received tier 2 and tier 3 assessments. The following Table 6.45 includes a 
summary of the risk classifications for the various life cycle stages o f Citydiesel.
Table 6.45: Summary of findingsfor Citydiesel
Section of life cycle Risk classification Ranking (Iow/medium/high)
Manufacturing P2C LOW
Supply P4B MEDIUM
Use P4C MEDIUM
Misuse/Abuse P4C MEDIUM
6.3.10 Discussion
A number o f conclusions can be made about the use o f the risk assessment matrix foUowing the 
analysis o f the 16 products. The negatives are:
1. There is Utile to distinguish certain products. For example, Eldningsolja and Industrial Gas 
OU are simUar use products and are viewed as having the same risk associated with them.
2. The risk assessment matrix is based on the company perspective and tends to focus on 
impacts that could impact upon the company, rather than society as a whole.
3. It is not always clear which category a product should be placed in. Some products have a 
number o f risks associated with people, assets, environment and reputation. It is difficult to 
know which should be taken as the most significant.
4. A panel o f people should ideaUy be involved or consulted on the tier 2 assessments, as finer 
points o f the product impacts are not always understood.
5. The tendency is to focus on one event per Ufe cycle stage. This is not necessarily an 
accurate representation.
6. There is a danger in assuming that because SheU standards such as health and safety are in 
place the incidents wiU not occur.
7. Tier 3 assessments wUl take a considerable amount o f time and money to ensure aU the 
relevant individuals are consulted.
8. Thinking o f scenarios where events could occur can be difficult without sufficient product 
knowledge.
The positive points are:
1. The tier 1 screening stage helps to screen out certain products that do not require detaUed 
assessment.
2. The RAM aUows for comparison o f a number o f products within one matix.
3. Different product types can be assessed against each other (for example, OUs and 
lubricants).
4. The inclusion o f UkeUhood aUows a more accurate representation o f risk to be achieved.
5. The risk assessment matrix provides a good graphical representation of results.
Table 6.46 displays the results o f the risk assessment compared to results o f the sustainabiUty 
assessment matrix:
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Table 6.46: Comparison of risk assessment and sustainability matrix results
Product category Higher risk product Less sustainable product
Hydraulic fluid Tellus 46 Tellus 46
Food grade lubricants Cassida chain Oil spray Cassida chain Oil spray
Metalworking fluids Sitala B402 Sitala D201.03
High viscosity Industrial lubricant Same for both products Same for both products
Low viscosity lubricant Morlina 5 Morlina 5
Industrial grease Same Malleus 500 during production 
Kuggfett during use
2-stroke gasoline engine oil Same Shell 27 Two-stroke
Domestic heating Oil Same for both products Eldningsolja during production 
Industrial Gas Oil during use
The difference in the metalworking fluid reflects that Sitala D201.03 requires increased energy to 
produce the boron. Boron is used in D201.03 to bind to the amines and reduce the bOiling point 
and slow the rate o f evaporation in applications where the fluid becomes heated. It is possible that 
boron could become a future legislative issue, so despite the risk associated with the product being 
low more detailed consideration o f the product is needed that could have been overlooked had a 
sustainability assessment not been undertaken.
The risk assessment has given the same category to both domestic heating Oils. The sustainability 
assessment tool displays a further differentiation in that the Eldningsolja is less sustainable during 
production and the Industrial Gas Oil is worse during use. It may be the case that as the risk 
assessment tends to focus on the worst risk scenario that other issues may be missed. It may be 
more useful to undertake a sustainability assessment where different impacts are likely to occur 
throughout a Ufe cycle.
Diesel fuel could not be completed because biodiesel is not currently developed by SheU so data 
could not be identified for inclusion in the risk assessment matrix. The sustainabiUty assessment 
tool aUows for information to be included from outside the company boundaries, therefore, 
products can be assessed that are not yet offered by SheU. This could be useful in prospective 
product development and in purchasing considerations.
6.3.11 Conclusion
The main conclusions that can be found from this analysis o f products are:
• The risk assessment matrix does not highUght issues associated with future legislation;
• The risk assessment matrix does not highUght areas where impacts can occur on more than one 
Ufe cycle;
•  The sustainabiUty assessment tool aUows for data to be included from outside the company 
boundaries.
The foUowing Table 6.47 highlights the scenarios where the risk assessment matrix and 
sustainabiUty tool should be used.
229
Volume II — Environmentally-acceptable hydraulic fluid case study
6 3  R isk assessments
Table 6.47: Scenarios where the different tools should be used
Scenario Tool to be used
Introduction of a new product Sustainability assessment tool
Comparison of similar use products Sustainability assessment tool
The company is considering introducing a product, but has not 
carried out any research and development work yet.
Sustainability assessment tool
Products that contain a particular component that could or has 
become a legislative issue
Sustainability assessment tool
More than one aspect of a product’s life cycle may need highlighting Sustainability assessment tool
More than 2 products to be analysed Risk assessment matrix
Consideration of products of different type Risk assessment matrix
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Hazard Potential
Human Health Hai^ard Category
Hazard Classification Associated risk
potential phrase
Low All unclassified substances R20, 21,22
Harmful R36,37,38
Irritant
Medium Toxic (without chronic effects) R 23,24,25
Corrosive R34,35
Irritant +  R43 R43
High Harmful +  R42 R42
(respiratory sensitiser)
Toxic + R40 R40
Very toxic -E R40 R40
Ver}  ^toxic R26,27,28
Category I & 2 carcinogens, mutagens and reprotoxins R 45,46,47
Physical Hasyird Category
Hazard
potential
Classification Associated risk 
phrase
Low All unclassified substances
Medium O — Contact with combustible material may cause fire 
Flammable
R8
RIO
High E — Risk o f explosion by shock, friction, fire or other sources o f ignition 
E — Extreme risk o f  explosion by shock, friction, fire or other sources o f ignition 
O — May cause fire
O — Explosive when mixed with combustible material 
F+ - Extremely flammable 
F -  Highly flammable
F — Contact with water liberates extremely flammable Gases 
F — Spontaneously flammable in air 
Explosive when dry
Forms very sensitive explosive metallic compounds
Heating may cause an explosion
Explosive with or without contact with air
May cause fire
Reacts violently with water
Explosive when mixed with oxidizing substances
In use, may form flammable/explosive vapor-air mixtures
May form explosive dioxins
Can become highly flammable in use
Risk o f explosion if  heated under confinement
Contact with water liberates toxic Gas
Contact with acids liberates toxic Gas
Contact with acids liberates very toxic Gas
R2
R3
R7
R9
R12
R ll
R15
R17
R1
R4
R5
R6
R7
R14
R16
R18
R19
R30
R44
R29
R31
R32
R65
R66
R340 & R4 are unknown at the time of completing the assessments
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Environmental Health Hai^ard Category
Hazard
potential
Classification Associated risk 
phrase
Low AU unclassified substances
Harmful R52
Medium Toxic R51
Long term effects R53
Harmful — long term effects R52,R53
High Very toxic R50
Very toxic +  long term effect R50, R53
Toxic + long term effects
(long-term effect — due to persistency or bioaccumulation)
R51, R53
Exposure potential
The estimation of exposure potential requires 3 factors to be taken into account: production 
volume, use category and physical chemistry properties. The exposure potential is calculated as:
Production volume x use category x physical chemistry properties = exposure potential
The factors are calculated in the foUowing way.
Production volume:
T onnage (tons/annum ) Score
1 - 1 0 1
10 -100 2
1 0 0 -1 0 0 0 3
1000 -  10k 4
10k -100k 5
>100k 6
Use category:
Main use category Score
Intermediate used on site (non isolated 
and isolated)
1
Isolated intermediate used/stored off site 2
Included into or onto a matrix 3
Non-dispersive use — professional 
(industry point sources)
4
Wide dispersive use 5
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Physical chemistry properties:
Vapour Pressure (Pa)
tüC
g
.a
S
I
<1 -#>100
oo
For substances that produce dust a Score o f 3 to 4 will be given.
For poorly soluble substances with a BCF >5000 potential for indirect exposure Score=3/4 
Matrix for Tier 1 screening of products for risk assessment
Exposure Potential
Minimal Low Medium High
Low
No further risk 
assessment 
required
!
1
Medium
Tier 2 risk 
assessment 
required
High
Tier 3 risk 
assessment 
required
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The risk assessment matrix
CONSEQUENCES INCREASING LIKELIHOOD
A B c D E
Never Heard o f  in Incident Happens Happens
heard o f several several
in........ indus tr\- occurred times per times per
indus in' with this vear with vear in a
Company country
product Company
prrxluct Company
product
f« o
N o  health
e ffec t/
injun-
Slight
health
e ffec t/
injun'
M inor
health
e ffec t/
injuiy
M ajor
health
e ffec t/
injun,'
P T D  o r 1 
to  3 
fatalities
Multiple
fatalities
N o
damage
Slight
damage
M inor
damage
Ijjcalised
Damage
M ajor
damage
Extensive
damage
N o  effect
Slight
effect
M inor
effect
Localised
effect
M ajor
effect
Massive
effect
I
N o im pact
Slight im pact
lim ited
impact
N ational
im pact
International
impact
Considerable
impact
Consequence category definition
H a r m  t o  P e o p l e
No
0 No injury or damage to health.
1 1 Slight injury or health effects (including first aid case and medical treatment case and occupational 
ilness) - N ot affecting work performance or causing disabditv.
2 Minor injury or health effects (Lost Time Injuiy) - Affecting work performance, such as restriction to 
activities (Restricted Work Case or Occupational Illness) or a need to take a few days to fully recover 
(Lost Workday Case). Minor health effects, which are reversible, e.g. skin irritation, food poisoning.
3 Major injury or health effects (including Permanent Partial Disahilit}' and Occupational Illness) - 
Affecting work performance in the longer term, such as a prolonged absence from work. Irreversible 
health damage without loss of life, e.g. noise induced hearing loss, chronic hack injuries, sensitisation, 
hand/arm vibration syndrome, repetitive strain injury.
4 Permanent Total Disability or one to three fatalities - From an accident or occupational illness. 
Irreversible health damage with serious disahilitt’ or death, e.g. corrosive burns, heat stroke, cancer 
(small exposed population)
5 Multiple fatalities - From an accident or occupational illness e.g. chemical asphvndation or cancer 
(large exposed population)
234
Volume II — Environmentally-acceptable hydraulic fluid case study
A ppendix 11
Asset Damage and other Consequential Business Losses
No Description (100% costs, USD)
0 Zero damage
1 Slight damage - No disruption to operation (costs less than 10,000)
2 Minor damage - Brief disruption (costs less than 100,000)
3 Local damage - Partial shutdown (can he restarted but costs up to 1,000,000)
4 Major damage - Partial operation loss (2 weeks shutdown costs up to 10,000,000)
5 Extensive damage - Substantial or total loss of operation (costs in excess of 10,000,000)
The figures in the tables above should not be combined for deriving the value of a human 
life!!
Environmental Effect
No Description
0 Zero effect - No environmental damage. No financial consequences.
1 Slight effect - Slight environmental damage, within the fence and within systems. Negligible financial 
consequences.
2 Minor effect - Sufficiently large contamination or discharge to damage the environment, but no 
lasting effect. Single breach of statutory or prescribed limit, or single complaint.
3 Localised effect - Limited discharges affecting the neighbourhood and damaging the environment. 
Repeated breaches of statutory or prescribed limit, or many complaints.
4 Major effect - Severe environmental damage. The company is required to take extensive measures to 
restore the damaged environment. Extended breaches of statutory or prescribed limits, or widespread 
nuisance.
5 Massive effect - Persistent severe environmental damage or severe nuisance extending over a large 
area. Loss of commercial, recreational use or nature conservancy resulting in major financial 
consequences for the Company. Ongoing breaches well above statutory or prescribed limits
Impact on Reputation
No Description
0 N o impact - No public awareness
1 Slight impact - Public awareness may exist, but there is no public concern.
2 Limited impact - Some local public concern. Some local media and/or local political attention with 
potentially adverse aspects for company operations.
3 Considerable impact - Regional public concern. Extensive adverse attention in local media. Slight
national media and /  or local /  regional political attention. Adverse stance of local government 
and/or action groups.
4 National impact - National public concern. Extensive adverse attention in the national media. Effect 
on Regional /  national policies with potentially restrictive measures and/or impact on grant of 
licences. Mobilisation of action groups.
5 International impact - International public attention. Extensive adverse attention in international 
media. National /  international policies with potentially severe impact on access to new areas, grants 
of licences and/or tax legislation.
Likelihood scale interpretations
The horizontal scale is ‘increasing likelihood’ with a range varying from highly unlikely to frequent. 
In every application the same range o f likelihood should be used in order to promote a consistent 
assessment o f risk. The terminology used to describe the likelihood can be different from one
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application to the other dependent on type and size o f the operation or installation. Various 
examples of acceptable descriptions are provided in the table below.
Type and size of 
operation or 
installation
Increasing Likelihood
A B C D E
Standard
Description
Never heard of 
in....indus try
Heard of in 
industry
Incident has 
occurred in outr 
company
Happens several 
times a year in our 
company
Happens several 
times per year in a 
location
Major installation e.g. 
offshore north sea 
platform, refinery, 
LNG etc
ditto ditto ditto Ditto, assuming the 
company has 
several installations
ditto
Road transport 
operations
Has not occurred in 
industry
Has occurred in 
industry in last 5 
years
Has occurred in 
company in last 3 
years
Has occurred in 
company in last 12 
months
Has occurred more 
than once in 
company in last 12 
months
Drilling rig Credible but not 
heard of in dolling 
industry
Has occurred in 
drilling industry
Incident has 
occurred in our 
country
Incident has 
occurred more tham 
1/yr in major 
drilling Co.
Happens more than 
once per year per 
station
Retail stations Not heard of in retail 
business
Has occurred in retail 
business in last 5 
years
Has occurred in our 
country
Happens several 
times per year in our 
country
Happens more than 
once per year per 
station
Small ventures 
(including typical 
OP marketing 
companies and E&P 
seismic operations)
Never heard of in 
industry
Heard of industry Incident has 
occurred in this 
venture or similar 
ventures in our 
Group of 
Companies
Happens several 
times per year in 
similar ventures in 
our Group of 
Companies
Happens more than 
once per year in this 
venture (or has 
happened more than 
once a year in a 
similar venture)
Chemicals
manufacturing
plants
Never heard of in 
the world
Heard of incident in 
chemical industry
Incident has 
occurred in Shell 
Chemicals
Happens several 
times per year in 
Shell Chemicals
Happens several 
times per year in 
location
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1.0 Project Description
The aim of the four-year project is to investigate how components of decision-making can be 
used within sustainable development. A component is described in the dictionary as “a 
constituent part or feature of a whole” and decision-making relies on a variety of components 
to reach acceptable conclusions.
The need for greater understanding of decision-making in sustainable development came 
about from such events as the Earth Summit. The meeting of international leaders that 
occurred at the Summit led to the production of the document titled “Agenda 21”. This 
publication encourages nations and corporate enterprises to integrate environmental 
protection, degradation, and restoration costs in decision-making at the outset, and to research 
such costs, to develop protocols bringing these considerations into procedures at all levels of 
decision-making. Agenda 21 called on governments to create sustainable development 
strategies that integrate social and environmental policies. For the pursuit of sustainable 
development this integration of environmental and social factors must also be a vital part of 
industry. The increasing public scrutiny of decisions made associated with sustainable 
development means the components used to ascertain decision-making are becoming 
increasingly important and should not be overlooked by companies hoping to continue to 
prosper in today’s society.
This project focuses on the use of these components within the petrochemical industry, which 
can be identified as one of the key players in moving towards sustainability. Two key methods 
of decision-making will be focused on during this project, life cycle assessment (LCA) and 
stakeholder involvement. Cost-benefit analysis will be utilised within the project time as a 
means for comparison between the approaches of the various components of decision­
making. This will help to guide the future use of components of decision-making to the best 
advantage.
1.1 Life Cycle Assessment (LCA)
The first stage of the project will involve studying life cycle assessment (LCA) in depth. This 
stage will involve a detailed review of current best practice. This wiU include an investigation 
into the use of LCA in both the present and in the future within Shell. The economic, social 
and environmental aspects of LCA work will all be investigated.
An important consideration in this stage of the project will be the application of LCA within a 
large multinational company, such as Shell. Detailed consideration of the trade-offs and bias 
that can occur in association with LCA will be the key to understanding this component of 
decision-making processes. A cost-benefit analysis of the use of LCA will help to demonstrate 
the real input this process can present to Shell in comparison to the other components. The 
main stages will be:
• Literature search;
• Review of current best practice;
• Life cycle assessment (LCA) within Shell;
• Cost-benefit analysis;
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• Main report.
The questions that I hope to answer during this stage of work are as follows:
1. What are the processes of LCA?
2. Which methods of LCA are most commonly used by companies using the decision-making 
process?
3. Where do trade-offs occur within LCA? And what knowledge of trade-offs are carried 
through the whole process and taken account of at the end?
4. What scope for bias is there within the LCA decision-making process?
5. Which methods of LCA are most successful?
6. How can economic, social and environmental considerations aU be included within LCA?
7. Under what circumstances is it feasible to use LA within a large multinational company?
8. What are the examples of cost-benefit analysis of conducting an LCA? Are any trends 
apparent from these results?
9. What is the current use of LCA within Shell?
10.How best could Shell utilise LCA in the future as a decision-making process of sustainable 
development?
1.2 Stakeholder Involvement
The use of stakeholder involvement is the second stage that this project will study in terms of 
components of decision-making processes of sustainable development. This stage will involve 
social research through questionnaires and interviews with the stakeholders of Shell. A 
detailed look at current best practice by other organisations can also be used to highlight any 
problems associated with the process. The trade-offs and risk of bias when dealing with 
stakeholder involvement will be an important consideration.
A key aspect of this stage will again be the use of this component within a large multinational 
company. This could be addressed through the use of comparison between approaches to the 
subject of Shell in two different countries, such as the UK and Nigeria. An investigation of 
how other multinationals deal with stakeholder involvement in different countries wiU also 
help to ascertain the best practice for this component of decision-making. The execution of 
cost-benefit analysis on the process of stakeholder involvement wUl assist in demonstrating 
the use of the component in comparison to other approaches. An indication of the way in 
which SheU can use the component in the future in the most effective way wiU be included in 
the main report of this section of the project. The main stages that wiU be undertaken are:
• Literature search;
• Review of current best practice;
Investigation of stakeholder involvement within SheU which wiU include social research 
methods;
Cost-benefit analysis;
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• Main report.
The questions that I hope to answer during this stage of work are as follows:
1. What is stakeholder involvement and where are its limits (ascertained through 
consultation)?
2. How has it been used by companies and for what reason?
3. When has the use of stakeholder involvement been proved to be successful in terms of 
“society” and industry, and why?
4. What are the examples of avoiding the use of stakeholder involvement leading to problems 
for a company?
5. How is stakeholder involvement used within Shell?
6. Is there a different approach to stakeholder involvement depending on the type of decision 
and the country where it is undertaken?
7. How do the stakeholders of Shell perceive their role?
8. Do the stakeholders of Shell believe they are a part of the decision-making process?
9. Are there any examples of economic valuation occurring regarding stakeholder 
involvement?
10.What is the best method that Shell can undertake stakeholder involvement, under various 
contexts?
1.3 Other Components Of Decision-making
Other types of components of decision-making processes wiU be investigated, focusing on 
sustainability indicators. This will involve looking at the extent (and cost) to which these tools 
have been used within SheU to date and make suggestions for future use. There wiU be an 
investigation into the use of components of decision-making by other companies, where the 
use has been successful and unsuccessful. This wiU help to ascertain the ways that SheU can 
best utiUse and develop the methods avaUable to them.
When suggesting the sustainabiUty indicators for SheU there wUl be an emphasis placed on the 
development of appropriate indicators that are designed to reflect community involvement 
and its interaction with other aspects of sustainable development (particularly the economy). 
This is because this is an important aspect of sustainable development that is often difficult to 
include for a multinational company. In addition to looking at the overaU state of the use of 
indicators consideration of the constraints of implementing indicators within such a large 
organisation wiU be made. There wiU also be suggestions for adjustments in the indicators that 
are used depending on the country that they are used to monitor.
A cost-benefit analysis of the use of components wiU assist in demonstrating the usefulness of 
this decision-making approach. It also helps to indicate the amount of time and resources that 
should be dedicated to the development and implementation of the components by SheU. The 
main stages o this aspect of the project wiU be:
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1. What are sustainability indicators, and how can they accurately reflect all aspects of 
sustainable development (social, environmental and economic)?
2. How have companies used sustainability indicators?
3. What are the examples of tools that are often used by companies, and which of those are 
viewed by the companies as providing an acceptable outcome?
4. How have sustainability indicators been used within Shell?
5. What adjustments are required to use indicators within a multinational company?
6. What examples are there of cost-benefit analysis of using sustainability indicators and any 
other tools of decision-making processes?
7. What indicators would accurately reflect community involvement associated with Shell?
8. Is it possible to link indicators for different aspects of sustainable development (social, 
environmental and economic) and if so, how?
9. How can sustainability indicators best be used by Shell in the future?
1.4 Final Stages
This final stage of the project will bring together the three types of decision-making processes 
for sustainable development investigated in the previous sections. Consideration of any other 
components of decision-making processes of environmental management that have not yet 
been considered will also be made. A comparison can then occur amongst the three types of 
components along with detailed consideration of the usefulness of each type.
A comparison of the components of decision-making processes will help to ascertain which 
one would prove to be the most useful for multinational companies, particularly for Shell. 
This will then lead on to help make future recommendations for decision-making processes 
for sustainable development by SheU. An indication of the time and resources that should be 
dedicated to these processes can be suggested along with recommendations for adjustments 
depending on the process and the country in which it is used. The main stages of this section 
of the project wiU be:
• Final Uterature search;
• Consideration of other decision-making processes;
• Comparison of the cost-benefit analysis of the decision-making components;
• Analysis of the usefulness of each of the decision-making components;
• Recommendation for the use of tools of decision-making processes of sustainable 
development for SheU.
2.0 Current Position On Deliverables
The foUowing are the deUverables that have been attained to date:
Volume III
April2000 6-month report
• The project proposal has been finalised;
• A literature search that includes details on the use of life cycle assessment (LCA) has been 
completed;
• A broad review of current best practice is included within the literature search;
• Economic, social and environmental aspects have all initially been investigated.
Using the project proposal as a guide the following deliverables can be expected to be 
completed for the next 6 month report:
• A thorough review of current best practice in terms of LCA;
• More detailed investigation of the use of LCA within Shell;
• An investigation into the possibilities of using LCA within SheU in the future, and why it 
could benefit the company;
• A study on the appUcation of LCA within large multinational companies;
• An investigation into economic valuation associated with LCA.
3.0 The Structure Of Shell
The project is based with SheU, therefore, it is important to understand the structure and 
make-up of this multinational corporation. Therefore, the foUowing section describes SheU’s 
structure and detaUs its approach towards sustainable development and environmental 
management, as that is the focus of the projectk
SheU is one of the major players in the UK economy: SheU produces some 20% of Britain’s 
crude oil, 17% of its gas and 15% of the UK’s petrochemicals. In a year SheU pays £365 
mUUon in UK taxes and coUects £4.6 biUion in VAT and excise duties from its customers. 
9,750 people are employed directly and there are a further 5,337 subsidiary employees.
As parent companies. Royal Dutch Petroleum Company and the SheU Transport and Trading 
Company pic, do not directly engage in operational activities. They are the pubUc companies, 
one domicUed in the Netherlands, the other in the UK. The parent companies directly or 
indirectly own the Shares in the Group Holding Companies but are not themselves part of the 
group. They appoint Directors to the Boards of the Group Holding Companies, from which 
they receive income in the form of dividends. Today, the Group has five core business 
organisations: Exploration and Production, OU Products, Chemicals, Gas and Power 
Generation, and Renewables. These organisations exist to provide technical guidance, advice 
and services to the Operating Companies.
SheU’s Operating Companies are engaged in various activities related to oU and natural gas, 
chemicals, renewable resources and other businesses in more than 140 countries around die
 ^ Information on these aspects was taken from the intranet and, therefore, references are included for personal 
guidance and are not necessarily widely available.
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world. The management of each Operating Company is responsible for the performance and 
long-term viability of its own operations, but can draw on the experience of the Service 
Companies and, through them, of other Operating Companies. Figure 1 provides an 
indication of the structure of SheU;
Figure 1: The Structure Of Shell
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4.0 What Is Sustainable Development?
It is important to understand what sustainable development is in order to investigate its 
appUcation within SheU. Sustainable development has been defined in a number of ways. The 
Brundtland Commission in 1987 defined it as “ .. .meeting the needs of the present without 
compromising the abiUty of future generations to meet their own needs’’^ . Sustainable 
development is about integrating the economic, social and environmental aspects of 
everything we do and balancing the short-term wants with long-term needs. Finding this 
balance between the long and short-term requires SheU to think about more than just the 
short-term monetary gain of certain actions. Sustainable development means taking a broader, 
more integrated approach to business and it opens up exciting business opportunities in 
emerging markets and new customer groups.
The Brundtland definition of sustainable development is the description most commonly used within Shell 
companies.
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5.0 What Sustainable Development Means For Shell
Shell has established a Sustainable Development Management Framework with a core 
website^. The Management Grouping put together a list of the aspirations and commitments 
of SheU to sustainable development:
We aspire to be a leader in the economic, environmental and social aspects of everything 
we do; first choice for our shareholders, our customers, our employees, those with whom 
we do business, society and future generations.
We beUeve that our commitment to contribute to sustainable development holds the key to 
our long-term business success. The values that underpin sustainable development are 
embodied in our Business Principles that provide the foundation for everything we are and 
everything we do.
We wiU strive to help to buUd a better world in which current and future generations enjoy 
greater economic, social and environmental security.
We wiU participate fuUy in the development of sustainable, commerciaUy viable alternatives 
to fossU fuels.
We will evaluate the economic, environmental and social impact of our options and strive 
to get the balance right in our decisions. This will mean that some business decisions will 
be made differently and some may have different outcomes from the past.
We will seek out and value the views of others. We may not always agree about everything 
with every stakeholder but we will participate in an open and honest process of 
engagement to develop a shared understanding.
We wül be open about our progress; wherever needed, we will provide external 
verification.
We believe too, that sustainable development is everybody’s responsibility. We will 
therefore actively encourage our service provider’s partners and contractors to support us 
in our commitment.
Shell believes that if sustainable development is to become a global reality, governments, 
communities, companies and individuals must work together to improve their “triple bottom 
line” (economic, social and environmental) performance.
6.0 Progress On Shell’s Sustainable Development So Far
A management brief on sustainable development was issued in March 1997 as an attempt to 
highlight how Shell is addressing the issue of sustainable development. It states that:
‘Business and especially large multinationals, increasingly expect to play their role in 
achieving sustainability. Shell needs to ensure the concpts are widely understood, and to 
make known its views on the key issues and decide what actions are required on Shell’s
#
http://sww-sd.shell.com
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Other commitments that Shell have made to sustainable development, include: a revised 
Statement of General Business Principles and the commitment to Health, Safety and the 
Environment (HSE). Shell played a leadership role in formulating the International Chamber 
of Commerce Business Charter for Sustainable Development, to which Shell International 
Petroleum Co. is a signatory. SheU is also a prominent member of the World Business 
CouncU for Sustainable Development, a group of senior executives of companies from a wide 
cross section of industry who work towards making business a part of the solution rather 
than the problem, regarding sustainability.
On the 22"  ^March 1999 a global corporate reputation programme began through the use of 
media such as the “Economist”, “National Geographic” and the “Far Eastern Economic 
Review”. This was seen as one part of the SheU Group’s programme to improve 
communications with stakeholders and increase understanding in the way its business is run 
and the values that underpin SheU. SheU’s corporate reputation is seen as a key factor in 
generating and maintaining competitive business advantage. Company values are seen as very 
important in influencing brand preference, therefore favourable company values wiU lead to 
increase in sales and encourage companies to regard SheU as a preferred partner. The new 
aspirations and commitments for SheU (as given previously) along with SheU’s Business 
Principles and the HSE PoUcy and Commitment provide the foundation for what SheU does 
in terms of sustainable development.
In 1998 a pioneering report was produced by the SheU Group entities “Profits and Principles - 
does there have to be a choiceV’^ . The document demonstrated SheU’s commitment to Usten, 
engage and respond to a wider group of stakeholders in its business. In AprU 1999, the 
second SheU report demonstrated how SheU was performing against the economic, 
environmental and social dimensions of sustainable development. The Group is aiming to 
buUd on this foundation.
It is claimed by the SheU Group that SheU companies already contribute to economic, 
environmental and social aspects of sustainable development and wiU continue to do so, they:
Pursue continuous improvement in the HSE aspects of their operations, products, services 
and use of material inputs;
Contribute to the debate on sustainabUity issues and promote their views on sustainable 
development both within and outside the Group;
Take sustainabiUty into account in their business plans and decision-making processes, 
and;
• As appropriate, participate in the government poUcy making process to ensure that they 
can contribute in their proper way to sustainabiUty;
In addition, a number of SheU companies are active in the development of sustainable and 
commerciaUy viable alternative energy sources, including renewables such as photovoltaics 
and forestry.
This document is discussed in greater detail in section 7 (What Is Thought Of Shell’s Approach To 
Sustainable Development)
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Shell companies are independently managed. Each is a separate legal entity, subject to the 
jurisdiction of the country in which it is located. The independent nature of the companies 
must be respected, and reflected in all internal and external communications. A careless choice 
of words might give a false impression that there is a centrally managed entity called “Shell”. 
This could have both tax and legal consequences. Therefore, each section needs to be looked 
at in turn, with its approaches to sustainable development^.
6.1 Shell Chemicals
SheU Chemicals has a website dedicated to sustainable development and their work on the 
subject^. SheU Chemicals was involved with the first and second Shell Reports related to 
sustainable development (1998 and AprU 1999, mentioned earUer in this report). The SheU 
reports form part of a bigger long-term investment in a communications programme designed 
to keep all stakeholders informed, both about the issues themselves and the work that wiU be 
done to address the issues.
SheU Chemicals have updated their SheU Chemicals Business Framework to include 
sustainable development thinking. In addition, the Higher Olefins Derivatives Group in SheU 
Chemicals - were one of the first to use the Sustainable Development Management 
Framework.
6.2 Exploration and Production (EP)
Exploration and Production appears to be the element of the Business Group that has 
undertaken the most work on the subject of sustainable development. They produce a regular 
newsletter of their activities. They have also recently produced “Contributing To Sustainable 
Development - The Way Forward EorEP” which is intended to complement the Group’s 
Sustainable Development Management Framework. The foUowing is a brief overview of 
Exploration and Production sustainable development activities (information on Exploration 
and Production’s progress Towards sustainable development is contained on a website^:
• April 1998 - Production of the Exploration and Production Sustainability 
Assessment Guide. As a first step to help Exploration and Production’s operating units to 
contribute to sustainable development they produced a detaUed and practical SustainabUity 
Assessment Guide. This includes tools and techniques such as a sustainabiUty checkUst for 
new projects and an evaluation tool to monitor and assess company progress. It also 
contains operating unit case studies on how to get started.
• End 1998/Early 1999 - Participation in Group Sustainable Development 
Management Framework. Exploration and Production, along with other businesses 
contributed to the development of the Group Sustainable Development Management 
Framework (SDMF) to help staff understand how they can help meet the commitment to
 ^ In this document the collective expressions “Shell” and “Group” are sometimes used for convenience in 
contexts where reference is made to the companies of the Royal Dutch/Shell Group in general. These 
expressions are used where no useful purpose is served by identifying the particular company or companies.
 ^http://sww-sd.com/news/index.cfm?dept=2
’ http ://s ww. siep. shell. com/ep/ep s/he/acti vity .htm
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contribute to sustainable development and integrate it in the planning and daily conduct of 
business.
July 1999 - Sustainable development - The way forward for Exploration and 
Production. To build on the Group Sustainable Development Management Framework, 
and provide guidance for sustainable development strategies, “The Way Forward For E P” 
was produced. The cornerstone of the approach is the establishment of six Exploration 
and Production sustainability principles to be considered as an integral part of activities^.
October 1999 - Sustainable development day at the 1999 Exploration and Production 
HSE (Health, Safety And Environment) Managers Workshop (11-13 October). One
day was dedicated to discussing sustainable development.
• To date. Exploration and Production have been working on raising their profile and 
organising and attending various sustainable development workshops.
6.3 Oil Products
Oil products have issued a letter to its Managers on the subject of sustainable development.
This EngD project is based within an operating company of Shell Oil Products. The base is 
within the sustainable development team of HSE Consultancy, Shell Global Solutions. The 
sustainable development team is currently involved with putting together a sustainability 
assessment checklist, which is intended to assist in securing internal and external contracts.
6.4 Gas & Power Generation
The Gas and Power business has sent out the Sustainable Management Framework along with 
a letter to all its managers.
6.5 Renewables
Renewables sent out the SDMF with a letter to all their managers and members of their 
Executive Management Team. The implementation of the SDMF is not mandatory but it is 
expected that it will be progressively introduced as normal business practice over the coming 
few years. As a first step the Renewables Executive Management Team has recently endorsed 
the adoption of the sustainable development principles that were developed by Shell 
International Exploration and Production. These are:
• Respect and safeguard people;
• Minimise impact on the environment;
• Maximise profitability;
• Engage and work with stakeholders;
• Use resources efficiently;
These principles are given in section 6.5
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• Maximise benefits to the community.
Shell Renewables has also undertaken some work on sustainability indicators.
As can be seen by the previous sections, work on sustainable development is variable within 
Shell. Progress is dependant on the business organisation, it varies from a statement sent to 
management to a greater participatory role.
6.6 Issues Facing Shell Today
• Ogoniland in southeastern Nigeria was home to author Ken Saro-Wira who was executed 
along with eight others after they were convicted of the murder of four of their kinsmen in 
May 1994. Saro-Wira’s Movement for the Survival of Ogoni people (MOSOP) had 
constantly accused SheU of environmental “genocide” against Ogoni people. The hangings 
brought international condemnation and sanctions against Nigeria. They also unleashed 
negative reactions against SheU in parts of the world as they were perceived as having a 
hand to play in the executions. Events in OgonUand continued to deteriorate and SheU shut 
down operations, the Ogoni do not want SheU back. SheU production in OgonUand was 
some 28,000 barrels of crude a day, or three percent of its total output in Nigeria, before 
communal clashes forced it to suspend operation in 1993 .^
• SheU’s profits showed a dramatic decUne in 1998, with no change in sight yet.
• The oU industry is changing from a highly stable and mature environment to one that is 
intensely competitive.
• The change to a more competitive environment is Ukely to have great effect on SheU’s 
approach to business issues.
• SheU has committed £25 miUion to getting its position across to the pubUc.
• The Camisea project spared no expense in developing support and acceptance of this SheU 
operation. However, problems with complaints were stiU apparent. One proposed solution 
to this is that SheU should have taken longer when developing its stakeholders. SheU 
shocked Peru in July 1999 when it puUed out of the country’s biggest investment project 
deciding against producing gas from its Camisea fields - Latin America’s largest reserve - 
because there were too few guaranteed buyers. After spending $250 m over two years in 
exploring Camisea, SheU faUed to agree with the government on the power sector, a 
distribution network to deUver gas in Lima and the possibUity of exporting the resource to 
BrazU. Therefore, despite aU SheU’s careful handUng of a deUcate social situation, the 
project was stiU unsuccessful because of the economics that were involved. It is important 
to note that any decision, process or business must firstly, be economicaUy viable in the 
business cUmate that SheU is involved in. Social and environmental considerations are seen 
as secondary.
The Nigerian situation is explained in greater detail in section 7.1
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7.0 What Is Thought Of Shell’s Approach To Sustainable Development?
A paper is on the intranet describing Shell’s commitment to sustainable development and 
looks at its strengths and weaknesses (16 June 1999)^°. The paper looks at two books - “The 
Living Company: Habits for Survival In A  Turbulent Business Environment” by Arie de Geus and the 
publication by SheU - “Profits and Principles, does there have to be a choice?”.
Arie de Geus joined the Royal Dutch SheU Group in 1951 and retired in 1989. He introduced 
the revolutionary concept of the “learning organisation” and worked on identifying the critical 
characteristics of organisational longevity. His contention is simple: that companies are Uving 
entities that can survive and thrive for centuries if they focus on several aspects of their 
character and operations:
• Sensitivity to their environment - long-Uved companies sample, learn, and adapt to what 
is going on around them.
• Persona - they are cohesive and have a strong sense of identity based on the abiUty to 
buUd a shared community.
• Tolerance - they are patient, generaUy decentraUsed with wide-spread decision-making 
authority, and tolerant of “non-core” activities on their periphery (which may weU become 
tomorrow’s core).
• Frugal - they are conservative with their money, which they use to govern their own 
growth and to give them options.
De Geus draws on his personal experiences within Royal Dutch/SheU companies and
therefore, the comparison with his book and SheU’s pubUcation is an important consideration.
Both publications include the view of the company as something more than an economic
entity which is an important step for SheU to take.
SheU’s pubUcation ‘Profits and Principles - does there have to be a choice?” sets out the “values” held 
by the SheU Group of companies and caUs for people to “TeU SheU” of their opinions and 
beUefs on a range of issues typical of those faced by managers of multinational companies. 
The interest wiU Ue in any foUow-ups to this document and the receipt of feedback that the 
document wUl promote. As it stands at the moment it appears that the document holds Uttle 
more than an attempt to increase pubUc relations. More practical steps need to be taken.
Decision-making power at SheU is strictly delegated. Even at SheU in BrazU , where it was 
highly resisted with its tradition of avoidance of responsibUity, SheU successfuUy implemented 
its decision-making poUcy, with only a few compromises, that all managers make their own 
decisions and only use their superiors for advice. This decision-making structure in terms of 
its decentraUsed structure can lead to confusion on the stance of certain issues. For example, 
the Brent Spar^  ^incident was an issue encountered by Exploration and Production. However, 
external perception of the company as a whole means that problems and difficulties
http;//sww-sd.com/news/article.cfm?id=88&dept=2
See section 7.1 for more information on the background of the Brent Spar incident.
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encountered become an issue for all the group’s companies despite them often being 
unrelated.
It is important to understand the make-up of the organisation to a certain extent of detail to 
realise how expertise in the field of sustainable development is not within SheU as a whole, but 
rather it is distributed between the individual companies. This is an important factor in terms 
of progress towards sustainable development as not aU companies wiU be at the same stage of 
advancement. This also leads to he difficulty in that separate businesses of the SheU Group 
often have Umited understanding about what is occurring in other businesses. This leads onto 
the risk of dupUcation occurring in terms of projects, workshops and tools that could lessen 
the impact and implementation of sustainable development in the future.
The issue of dupUcation has been approached to some extent by the estabUshment of the 
Sustainable Development Management Framework. It is important that this involvement of 
top-level management is fed through to the lower ranks of employees to ensure that progress 
continues in an environment of understanding.
7.1 The Background To Opinion On SheU’s Approach To Sustainable Development
Two issues sparked off the controversy concerning SheU. The disposal of the oilrig, Brent Spar, 
was the first. Although this problem was resolved it had two consequences in particular. The 
first was that Brent Spar demonstrated that pubUc sentiment could cause a multinational 
corporation such as SheU to accede to its wishes, paving the way for simUar future actions. The 
second consequence was the recognition by SheU executives that “ .. .during the process of 
identifying a disposal option there was insufficient dialogue and review by interested parties. 
We are now taking a more open and involving approach to resolving problems”^^ . This “more 
open approach” included a series of seminars on the Brent Spar issue, attended by technical 
and non-technical participants, during which both participants and SheU had the opportunity 
to broaden their understanding of marine operations, the problems and solutions. For SheU, it 
was the kind of learning process that de Geus talked about in his book. The learning went far 
beyond the Brent Spar incident.
The second issue, SheU’s operations in the Niger Delta, is a much more complex ethical issue. 
For over 60 years, SheU has had a presence in Nigeria and it now manages 90% of Nigeria’s 
on-shore oil production. The deUcate ecology of the Niger Delta has been ravaged by these 
operations and by a number of non-oU related conditions. In 1995, nine leaders of an 
environmental group opposed to SheU operations were executed by the Nigerian government. 
By this time, the environmental group had wide international support, and the executions 
were front page news. SheU was accused of compUcity with the government. SheU claims that 
it made a clear request to the government to show clemency, and that the defendants deserve 
a fair trial. SheU has since admitted that right up to the moment of the executions it had been 
negotiating with the organisation a truce - if they would desist from protest actions, SheU 
would put pressure on the Nigerian government to withdraw the execution sentences. This 
compounded SheU’s image of being an oppressive, greedy multinational corporation with that 
of being dishonest. This was a very big mistake for SheU to do. Once lost, a reputation is 
extremely hard to regain.
A statement made by Heinz Rothermund, Managing Director of Shell UK Exploration and Production on 
Nov. 1
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8.0 Conclusion
There is no doubt that Shell is under considerable pressure to accept more responsibilities for 
the social and environmental impact of its business activities. Environmental groups such as 
Greenpeace have made Shell one of their most important targets. There is a tendency to doubt 
the ability of the Shell Group to make any necessary changes as its structure as a highly 
decentralised company means it has limited control over its worldwide operations.
The situation regarding SheU and its progress towards sustainable development wiU be 
constantly monitored within this project. Any changes or developments wUl be highUghted 
within the 6-month reports that wiU be a regular feature of this EngD project.
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Components of Decision Making Associated With Sustainable Development
1.0 Introduction
This report marks the completion of the first year of the Engineering Doctorate (EngD) 
programme. It provides information on the progress that has been made to date on the 
subject of decision-making within sustainable development. The previous report provided an 
overview of how this subject was to be tackled over the four-year project. The information 
provided in this report marks the completion of the first stage of the project, which originally 
focused on Dfe Cycle Assessment (LCA). Progress since the last 6-month report has led to a 
shift away from the dominance on LCA and now looks towards assessment of sustainability 
without emphasis placed on environmental matters, which occur with concentration on LCA. 
The change in focus is explained within following sections and consideration of the new 
aspect of project work is provided. Deliverables to date are commented upon and 
deliverables are then set for completion in the next 6-month report, which is due in April 
2001. Within the previous 6-month report there was also a brief section on the progress of 
sustainable development (SD) within SheU. The fact that SD is the focus of this project 
means comments wUl also be made on SD progress within SheU since the information 
provided in the last report. This provides an important learning point for this project to 
ensure a thorough understanding of sustainable development and the petroleum industry is 
achieved. The project is based with SheU Global Solutions and the first year has been a mix of 
academic and work-based activities.
2.0 University courses
As part of the EngD programme there is a requirement to attend a number of courses 
associated with environmental technology. In the first year the courses attended were as 
foUows:
• Life Cycle Assessment (8* 12* November 1999)
The course involved a series of lectures given by the University of Surrey (Dr. Sarah CoweU 
and Prof. Roland CUft) and a number of external lecturers (from Lafarge, ERM & UnUever). 
There were a number of case studies on Ufe cycle assessment undertaken through the use of 
TEAM software.
• Research Methods (6* 10* December 1999)
This course was based at Brunei and Surrey University. It involved an introduction to 
managing the EngD project work. Two days were also spent on social research methods (Dr. 
Kate Burningham).
• Clean Technology (17‘^  21®*^ January 2000)
The course highUghted the constraints of current business practices and aUowed for 
consideration of how progression could be made in the future. It provided an introduction 
into ethical considerations, such as the extent to which developed countries could impose the 
need for sustainabUity onto developing countries.
• Risk I (3^d-> yth April 2000)
A series of lectures (Dr. Ragnar Loftstedt) and a case study was undertaken which involved 
interviewing individuals around GuUdford about how they view the risks associated with 
mobUe telephones and the use of handsets. Aspects of risk and risk perception were 
explained and explored.
• Environmental Management Systems and Decision Making (8* 12* May 2000,
optional module)
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This course involved lectures on environmental management systems of IS014000 and 
EMAS and how they have been applied in different situations. Presentations were made by 
individuals from the academic (Dr. Walter Wehrmeyer, Dr. Sarah Cowell) and industrial 
community (e.g. Rio Tinto, the BOG Group). Two days were also focused upon decision 
making and involved the study of life cycle assessment, mathematical models, public 
participation and other methods of decision making.
• Hands On Audit (19* 23* June 2000)
This course was designed to give an introduction to environmental management systems and 
the requirements needed to become an environmental auditor. A case study was undertaken 
on the audit of a petrol station and MOT service centre in London and an examination was 
undertaken on audit procedures.
3.0 Project work
The initial focus on LCA of the project work led to a desire to develop a tool that was 
applicable to business processes. This would, therefore, allow for the inclusion of SD issues 
into decision making processes. There was identification of the OBIA (overall business 
impact assessment) model developed by Unilever and the Environmental Burden approach 
developed by ICI, both of which have been used to plot environmental impacts over the life 
cycle in, for example Clift & Wright (2000). This provided a key step in the progression of the 
project. The focus of the project shifted from emphasising existing tools associated with SD, 
such as LCA, to a focus on the possibilities of a tool that would assess sustainability across the 
process chain. The extension to work on this subject area has, to date, had limited scope for 
inclusion of social performance. Therefore, methods by which indicators can be developed 
within the complex field of social performance will be investigated. This is the area where the 
project work associated with this EngD project will provide a significant contribution to 
knowledge.
The Environmental Technology conference paper demonstrates the change in focus of the 
project, from September 2000 at Brunei University. This paper is included in Appendix I of 
this report. The paper details the methods of OBIA and environmental burden and discusses 
how the methodology under development within this EngD project is an attempt to address 
aU aspects of sustainability within one tool. The methodology wül, in time, hopefully provide 
a step towards explicit assessment of the environmental burden and social performance, and 
their associated costs, which are often overlooked in current decision-making processes.
There have been a number of attempts to obtain a trial of the methodology under 
development within Shell. Firstly, a proposal was made to investigate a “greener” fuel; there 
was to be a comparison of its environmental benefit against a standard fuel. However, this 
was not undertaken due to political concerns. A proposal was then placed to undertake a trial 
on a project in Nigeria, where focus was placed on investigating a number of remediation 
methods that were to be undertaken on a site. The interest was to assess which would be the 
most “environmentally sound”. However, political concerns, particularly due to the fact the 
project was based in Nigeria, meant this proposal was also refused. The focus of the 
attainment of a trial then adjusted to concentrate on a business unit(s) within Shell in order to 
have a more corporate application of the tool. However, information regarding 
environmental (and social) issues within business units is very limited. Health, Safety and 
Environmental reports are produced but the data contained is basic and re-interpretation of 
the information is not an activity that is welcomed by Shell. The following sub-sections detail 
how assessment is currendy being investigated for this project work. The following section 
then considers how social performance and investment is currently occurring within Shell. 
This is an important consideration to ensure that project work remains within the boundaries 
of “current thinking” within Shell.
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3.1 Assessment Of Social Performance
To date, work associated with social performance is most recognisable from work on social 
impact assessment (SIA). This has, therefore, provided the initial focus of project work for 
this stage and a literature review of SIA is currently underway. The exact definition of SIA is 
imprecise; it means different things to different people. Some see it as a political means of 
decision making, others as a socio-political process that facilitates negotiation among interest 
groups (Barrow, 1997). One definition is given as:
“ ...the process of identifying the future consequences of a current or proposed 
action which are related to individuals, organisations and social macro-systems”
(Becker, 1997).
SIA begins with a consideration of the history of the situation; a critical account of the history 
is referred to as the baseline analysis. Once the past has been explored, the future is 
considered which constitutes a critical inventory of trends. Scenarios can then be proposed 
which are sketches of possible future outcomes of certain situations when variables are 
introduced, such as a proposed project. It is important to bear in mind, that SIA (along with 
all types of impact assessment) is simply a kind of simulation. Outcomes are largely based on 
artificial settings and information about possible consequences are then collated. The report 
by the Interorganisational Committee (Interorganisational Committee on Guidelines and 
Principles, 1994) stresses that an SIA should contain ten steps. These steps are logically 
sequential, but often overlap in practice. The scheme reads as follows:
1. Public involvement: Develop an effective public involvement plan to involve all 
potentially affected parties.
2. Identification of alternatives: Describe the proposed action or policy change and 
reasonable alternatives.
3. Baseline conditions: Describe the relevant human environment /  area of influence 
and baseline conditions.
4. Scoping: After obtaining a technical understanding of the proposal, identify the full 
range of probable social impacts that will be addressed based on discussion or 
interviews with numbers of all potentially affected.
5. Projection of estimated effects: Investigate the probable impacts. Among other 
things this step includes straight-line trend analysis, scenarios, testimony, computer 
modelling and calculation of futures foregone.
6. Predicting responses to impacts: Determine the significance of the identified social 
impacts.
7. Indirect and cumulative impacts: Estimate subsequent impacts and cumulative 
impacts.
8. Changes in alternatives: Recommend new or changed alternatives and estimate or 
project their consequences.
9. Mitigation: Develop a mitigation plan.
10. Monitoring: Develop a monitoring program.
Social “impact” categories as defined within SIA, are defined within a number of publications. 
The categories applicable for SIA consideration within Shell forms part of the HSE Manual 
produced by Exploration and Production and are given as:
• Population;
• Economic conditions;
• Employment;
• Religion;
• Health status;
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Education;
Social structure and organisation, e.g. relationships and obligations to kin;
Gender relations;
Cultural life, such as language, rituals and general life-style;
Rights over and access to resources;
Political and dispute resolution institutions and processes;
Values, e.g. perceptions of the quality of life;
Cultural property, e.g. sites of historical, spiritual or religious value.
The practice of SIA came about largely in response to issues of indigenous people who had 
felt they had lost some right over their land through industrialisation and expansion of 
western countries (such as the Indians and Aborigines) and to a certain extent the categories 
associated with social issues reflect this. It is therefore important to have some consideration 
of alternative types of social performance assessment that are currently used to ensure 
dominance is not placed on certain issues. Consideration of all aspects of social performance 
measurement will be set out in a literature review, which is due for completion January 
2001.
4.0 Practical application of project work
The project that will form part of the EngD work is based in Sakhalin, a south-eastern island 
of Russia. A Liquefied Natural Gas (LNG) plant is proposed to be constructed within the 
area which will lead to the employment of around 6,000 people. The project is investigating a 
baseline survey of labour skills. It wiU be important to discover the skills required, whether 
the skills are available amongst the people of Sakhalin and what needs to be done to obtain 
the right skills in the area. Current figures have demonstrated that there is insufficient labour 
within the area, and therefore, some degree of migration will take place. It will also be 
necessary to look at the associated social issues of having the project within the area. Initial 
involvement with the project will be to conduct a literature review on migratory labour and 
social issues associated with the project. Looking through case studies of the impacts of 
similar projects and reviewing literature available on the subject wiU do this. It will be 
important within the literature review to also have some consideration of impacts related to 
the labour issue, including economic impacts. The deadline for this literature review is the end 
of October 2000. It is hoped that involvement with the project will help to gain an 
understanding of the treatment of social aspects by Shell, and also provide some practical 
application for the EngD project. Other aspects of involvement should become apparent as 
the project progresses. It should provide a case study by which performance measurement 
can be applied at a later stage.
5.0 Work-based activities
The project is based with Shell Global Solutions, on the Sustainable Development (SD) team, 
this is a new business initiative within the research sector of Shell. In considering issues of 
economic benefit associated with SD research, work has involved the development of a 
database of companies that have gained benefit, or value, from incorporating SD within their 
business processes. A total of 40 companies have so far been included within the database. 
Each example covers what the company has done, how they approached SD and the lessons 
that can be learned from their approach. A report produced in Appendix II demonstrates the
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key findings from this aspect of work. In addition to the database there has also been work 
undertaken on the development of a website for the SD team. This has assisted in focusing 
attention on SD issues and ensured consideration of the practical application of the research 
that is being undertaken within the EngD project.
Work on the database of companies will continue over the next year. There will be 
development and distribution of a questionnaire to key personnel of relevant companies (such 
as those on the Dow Jones Sustainability Index) in order to receive detailed information. This 
will be of use both in terms of the project, and also as a consultancy tool for the SD team.
6.0 Deliverables
The deliverables that were set in the last 6 month report have changed because of the change 
in focus of the project work that occurred. The deliverables from the last 6 months can 
therefore be viewed as:
• Presentation of paper at Environmental Technology Conference at Brunei University, 
September 2000;
• Initiated the process of investigation of social impact assessment;
• Investigation of social performance and investment within Shell;
• A number of work-based activities have been completed (website and SD database);
• Investigation of SD within Shell to date.
The following deliverables will, therefore be set for the coming 6 month report:
• Execution of literature review for Sakhalin project (deadline October 31®* 2000);
• Report on completion of Sakhalin work (deadline 1®* January 2001);
• Completion of literature review on social impact assessment, and other methods of social 
performance assessment which are currently used to aid decision making processes 
associated with SD (deadline 1®* January 2001);
• Production of social performance measure applicable to Shell (1®* February 2001);
• Incorporation of social performance measurement within methodology for assessment of 
sustainability across the process chain (deadline 1®* March 2001).
Appendix III contains the Gantt Charts that represent the work undertaken in the past year.
There is also a representation of the work that will be undertaken in the next 6 months. Basic
information is provided on project work for the remaining project life-span. As the project
progresses through subsequent reports the information within these Gantt charts will develop.
7.0 Progress on sustainable development by Shell
In the previous 6-month report an introduction was provided into sustainable development 
(SD) within Shell. Each of the business units was looked at in turn (Exploration and 
Production, Oil Products, Gas & Power Generation and Renewables). This section gives an 
outline of work undertaken by Shell in the field of SD since the last report.
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7.1 Development of Sustainability Key Performance Indicators (KPIsl 
Within the company as a whole, the top-level group (PX) has been working on the 
development of sustainability key performance indicators (KPIs). There have been growing 
calls for indicators to assess progress towards the objectives of SD and to define priority areas. 
This was recognised in Agenda 21, which called for indicators to be developed to “evaluate 
actions, to measure progress towards goals and to provide a solid basis for decision making”. 
The indicator to demonstrate alignment of business processes with SD principles is taking 
longer than anticipated; the reasons are:
• It is a highly complex area that requires a detailed understanding of Group processes that 
by their nature are huge in scope;
• There is a recognition from the Businesses that it needs to be done collectively and that all 
the Businesses need to feel comfortable with the pace of development and approach;
• Getting people together with sufficient diversity and expertise to develop the questionnaire 
is extremely difficult.
The current aim is to pilot the approach by testing alignment at Group and Business level 
processes and with a number of operating units in time for reporting in the Shell Report 2001. 
The sustainable development management framework (SDMF) wül be used as the key 
reference point for defining the generic business processes, with the initial focus on strategy, 
planning and appraisal. See Appendix IV for a description of the SDMF. The key processes 
and sub-processes within strategy, planning and appraisal where alignment to SD is critical are 
given as:
Develop group scenarios;
Set strategic framework;
Identify key customers and stakeholders;
Identify how to retain and win key customers and stakeholders;
Set premises;
Set ground rules;
Determine capital allocation using specific screening criteria set by each Business;
Identify and prioritise options;
Establish scorecard;
Appraise performance.
Currendy under development in association with the KPI work is a self-assessment 
questionnaire that is intended to test the degree of SD alignment for each of the critical 
processes /  sub-processes. One sample question is included in Appendix V to provide an 
example of what is hoped will be achieved. The self-assessment questionnaires are intended 
to assist operating units to assess their current degree of integration and identify areas for 
improvement. The group KPIs that are being developed by PX are given as a guide for the 
business organisations; they can use them as they are, or adapt them for their own use. The 
KPI development to date has, therefore, provided a predominantly corporate led initiative. 
The methodology that is hoped wül be achieved with the completion of this EngD project wül 
provide a tool to measure sustainability with a more social dimension, and hopefuUy provide 
more specific interpretation than self-assessment guidelines. It would be useful to develop a 
tool that had a more quantitative basis than the questionnaires that are heavily based on 
qualitative analysis. It is important to consider the PX initiative when progressing with the 
EngD project to ensure there is a degree of alignment between the processes.
At the Exploration and Production (EP) leadership forum in May there was a focus on 
sustainable development (SD). There was strong support from operating units to make SD an
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explicit item in key management processes and for continued sharing of practical case studies 
/  examples. There was also a request to further develop work on competitive advantage. In 
June EP undertook a workshop on SD that was facilitated by Arthur D Littie (ADL) to start 
to identify the potential business value and opportunities to be leveraged by adopting a 
proactive approach to SD. EP has been working on KPIs and decided to accelerate the PX 
KPI development (rather than develop separate EP KPIs), since many social issues are viewed 
as generic across the businesses. This therefore sounds promising in terms of the EngD 
project as it would appear from this interpretation that there is the possibility of social 
performance measurement that would be applicable to all aspects of Shell business. The 
consultancy SustainAbility are currently collating material and experience from within and 
outside Shell, the exact details of which remain confidential at present, as is aU work with 
external consultancies. The KPIs should be available for use within operating units from 2001 
onwards. Future 6 month reports wiU provide information on the progress of these indicators 
to ensure there is consideration within the EngD project.
7.2 Other Aspects Of Progress Associated With Sustainable Development (SD)
Three operating units have now produced public reports:
• Sustainable Development Report 1999 - Shell Companies In Egypt Information includes HSE 
performance. Shell in the community and renewable energy;
• 1999 People and Environment Report - SPDC Nigeria Information on environmental 
performance and social /  community activities;
• Sustainable Development R.eport 1999 - Shell Malaysia HSE and social information for the Shell 
companies in Malaysia.
The production of these reports is a positive sign that SD is being incorporated in a growing 
number of areas, with commitment from the top level management beginning to filter down 
through the company.
On 5 June 2000, a major new charity. The Shell Foundation, was launched with initial funds of 
$30 million, to support SD initiatives around the world. The foundation has three key 
programmes:
• The Sustainable Energy Programme will support projects that either encourage environmentally 
cleaner energy use or help tackle poverty by providing sustainable energy to communities 
in developing countries.
• The Sustainable Communities Programme will focus on initiatives that build the social and 
economic capacity of marginalised communities around the world.
• The third programme wiU look at Youth Enterprise to economic development and will build 
on Shell’s existing Live WIRE programme to advise young people setting up in business.
Within o n  Products (OP), of which Shell Global Solutions is a part, there are continuing 
moves to establish the SD team as a consultancy, with an initial emphasis on gaining work 
from within the Shell Group. However, with a number of consultancies already involved with 
work on SD within Shell (such as ADL and SustainAbility, as mentioned previously), this is 
proving to be a time consuming process as service companies and operating units appear to be 
more likely to use consultancies with a more established reputation. Work on stakeholder 
engagement was secured in Oman by the SD team that proved to be a very successful exercise 
and a request was made for future assistance. It is hoped that these initial projects wül 
advance the SD team towards establishing their reputation over the next few years.
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This section included information on the progress that had been made since the last 6 month 
report. It is intended that the updates in SD progress within Shell will continue over the 
EngD project life span to provide an impression of how sustainable development is building 
within Shell.
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Appendix I
Sustainability Across The Process Chain
Paper submitted in association with a presentation at the Environmental Technology 
Conference at Brunei University, September 2000
See the conference and journal paper section
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Appendix II
What Is A Sustainable Oil Company?
Report produced in conjunction with work conducted on construction of a database 
which investigated the business benefits available from following a Sustainable 
Development Strategy
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A  Sustainable Oil Company?
Report by Bryony Cunningham
Introduction
Fossil fuel extraction is not sustainable, so the question is, how can a company dealing with 
the resource move towards sustainability? Society should be investing in long-term solutions 
to satisfying needs in less materially and energy intensive ways. But what can Shell do about 
the demand for oü and oil products? It is not possible to change the industrial system, and 
Shell must make a profit, that is the bottom line. It is important to identify methods by which 
Shell can move towards sustainability through the concepts and tools of sustainable 
development. There needs to be acceptance that the nature of the business is inherently 
unsustainable with current technology, and yet its approach to business operation can be 
viewed as moving towards sustainability.
Any company attempting to deal with sustainable development can be characterised as a 
company that is constantly learning. Lessons learnt are used to improve and build on the 
concepts, tools and strategies undertaken in the pursuit of sustainability. Deliberate small- 
scale experiments and feedback loops are built into the planning process to enable continuous 
improvement in the light of experience. Lessons can be learnt about sustainable development 
by looking at high performing companies both within the petroleum industry, and outside. 
Four key levers have been identified by the consultancy, Arthur D Little, as assisting a 
company on its path towards sustainability. Associated with these levers are certain 
determinants of value, the following sections outline these levers and where appropriate 
examples of value have been focused upon. The main point that the four levers share in 
common is that none of the levers are distinct, all maintain some degree of dependence or 
influence on another.
Option Creation
The determinants of value within the option creation lever are given as; creative contracts and 
extension of the value chain. A key value for a company involved with sustainable 
development is that company policy and strategy formation, together with implementation, 
evaluation and improvement, should be consciously structured as a learning process. The 
Volvo* strategy for sustainable development is an integral part of their wider competitive 
strategy, and environment has been added as one of the three core underlying values of the 
company. There is alignment on environmental strategies and objectives and their relevance 
to the business, from the board of directors to the shop floor. Within the company Stora 
Enso" the commitment goes beyond the shop floor by expecting some commitment from 
suppliers and partners to exercising a degree of control on their supply chain. They record the 
entire supply chain information to allow for information communication to customers.
When dealing with sustainable development, departmental and other boundaries should be 
viewed as temporary stmctures that can flex in response to changes. The aim is to create an 
organisational architecture that gives space for meeting current needs and allows for response 
to future changes. Within the company, TransAlta'" sustainable development has been 
consistently led by the President and CEO, with a high degree of company-wide involvement. 
Connection with middle managers improved when leadership shifted to the business units.
' http://www.volvo.com/environment/index.htm
" http://www.storaenso.com top company within the Dow Jones Sustainability Index 
http://www.transalta.com top electrical company within the Dow Jones Sustainability Index
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away from the corporate group. With tangible, measurable goals and objectives, and decision 
latitude, middle managers could perform in their own territory.
Risk Reduction
This lever focuses on health, safety, environment, social and financial risk management and 
the ability for a company to work with regulators. Within Bristol-Myers Squibb'^ the 
management system requires business functional areas to identify, evaluate, and minimise the 
direct and indirect environmental, health and safety (EHS) impacts of existing and newly 
developed product lines. It thereby decentralises the decision making structure of the 
company and has resulted in improved product formulations, manufacturing processes, 
packaging and other systems - and reduced EHS impacts throughout the supply chain. Over a 
5 year period $7 million in savings have been identified, in part as a result of this drive.
A significant part of risk reduction is the collation of information. Just as data collection takes 
place within a company, so is data collected from outside. This scanning should be carried 
out by all members who have contact with external customers, clients, suppliers, neighbours 
and so on. These boundary workers deliver goods and services, receive supplies and orders 
and systematically collect and carry back information that is collected and disseminated. For 
example at Rank Xerox'", sales people are seen as information gatherers just as much as 
product sellers.
Leverage On Costs
The leverage on costs is achieved through eco-efficiency and technology, the creation of 
parmerships and procurement. The company Dofasco Inc.* are working towards building an 
awareness of how financial results are linked to environmental stewardship. Therefore, the 
area of leverage on costs is, not surprisingly, of increasing interest to companies working 
towards sustainability. Formative accounting and control are issues of key importance in most 
companies. It ensures that systems of accounting, budgeting and reporting are structured to 
assist learning, and so add value to the company. Fujitsu Limited'* introduced an 
environmental accounting system in March 1999 which provides a quantitative assessment of 
costs and effects of environmental protection measures. It is also used to evaluate the 
effectiveness of environmental investments. As part of their accounting system they 
introduced Environmental Indicators and Environmental Efficiency Indicators to assess 
progress. Emphasis is therefore placed upon auditing, managing and accounting for actions.
The use of a life cycle management tool has led to the identification of value in association 
with leverage on costs on a number of occasions. For example, DaimlerChrysler'*" has 
performed over 30 Life Cycle Management (LCM) Analyses resulting in savings or cost 
avoidance of US$22 million and the reduction of 400 tonnes of waste to landfill. The LCM 
approach has demonstrated that, when the full costs are considered, the environmentally 
preferable option is often the least-cost solution. In a similar fashion SC Johnson''* since 1990
http://www.bms.com/ehs/ top company within the Dow Jones Sustainability Index 
'' http://www.xerox.com/
http://www.dofasco.ca/ENVIRONMENT_AND_ENERGY/body_environ_frameset.html top company 
within the Dow Jones Sustainability Index
http://www.fujitsu.co.jp/en/ top technological company within the Dow Jones Sustainability Index
http ://wwwl .daimlerchrysler.com
http://www.scjohnson.com
31
Volume III
September 2000 6-month report
have realised over $20,000,000 in annual costs savings and reductions by cutting 
manufacturing waste in half, reducing virgin packaging use by 25% and Volatile Organic 
Compounds by 16%, as production grew by over 50%. It is increasingly important to be 
aware of the extent to which environmentally responsible actions can lead to improved 
leverage on costs, in addition to often acting upon the risk reduction lever.
Stakeholder Preference
The lever of stakeholder preference incorporates stakeholder engagement, formation of 
parmerships and capacity building. This lever, therefore, deals with the increasingly wide 
spectrum of social issues of which there are a number of levels, both internal and external to 
the company. Within a sustainable company there should be sharing of involvement in the 
policy and strategy-forming processes. That is, aU members of the company have a chance to 
take part, to discuss and contribute to major policy decisions. There is a deliberate fostering 
and encouragement of contributions and a recognition that successful debate involves 
working with tensions, or even conflicts, between different values, positions and views. There 
is a commitment to airing differences and working through conflicts as the way to reaching 
business decisions that all members are likely to support. Within a learning company these 
“members” will come from a wide range of stakeholders. These include different groupings 
of employees, customers, suppliers, owners and neighbours. Within these groupings there 
should be significant sub-sets of diversity, such as different nationalities and geographical 
locations. To work effectively with such diversity requires high levels of self-awareness and a 
thorough understanding of ways of handling and redeeming conflict.
The key stakeholders are often viewed as the internal customers. Therefore, individuals, 
groups and departments should engage in constant dialogue with exchange of information on 
expectations, negotiations, contracts, and provide feedback on goods or services that have 
been received. However, it is important not to lose sight of the vision of the company as a 
“whole” which calls for further levels of discussion, negotiating to ensure an overall 
optimisation of performance. Achievement of a holistic approach to sustainable development 
is best achieved by involvement of key management personnel in the process. For example, 
the key method by which SC Johnson'* made progress towards sustainable development was 
through the appointment of one of its key business leaders to the position of Vice President 
for the Environment (VPE). The appointment of someone of her stature demonstrated the 
commitment of the company to the environment, to all its employees. The new VPE went on 
to use the 'Chinese Water Torture Method' of education and communication by relentiessly 
talking about the benefits of greater eco-efficiency throughout SC Johnson. They avoided 
pushing a strong sustainability agenda, instead keeping the focus on eco-efficiency and its 
more immediate and tangible business benefits. Most critically, they created measurable five 
year goals and held the company accountable to tracking performance against those goals and 
to reporting on it publicly.
Resources and facilities for self-development should be made available to all members of the 
company (and ideally external stakeholders). With appropriate guidance, including systems for 
feeding back data, people should be encouraged to take responsibility for their own learning 
and development. This element of a sustainable company can be viewed in the vast majority 
of case studies from companies at some level. For example Norsk Hydro'*' have demonstrated 
forward-looking Human Resources Management through the “flexible work project”. This 
underlines the company’s action plan of April 1997, with the goal that women will fill one in 
every six management positions - department head and higher - by the year 2000. In a
http://www2.hydro.com top company within the Dow Jones Sustainability Index
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company on the path towards sustainability, managers should see their primary task as 
facilitating members’ experimentation and learning from experience. In the mid-1990s the 
company Suncor* formed a team to deal specifically with stakeholder relations. A key 
component in the new approach to stakeholder consultation was company-wide training in 
principle-based leadership. This interest in stakeholder relations resulted in real value to the 
company in areas such as improved community relations, accelerated approval processes and 
reductions in operational costs. The company Henkel™* views its employees not only as a 
mirror of society but also as an important link to the communities in which it operates. The 
company conducted training seminars and formed working groups; and only when it was 
convinced that the majority of employees would support the new strategy did it define 
ecological leadership as part of its competitive toolbox and its core business strategy. 
Inclusion of external stakeholders is an important consideration to companies who are aiming 
to progress towards sustainability. At present, Unilever™" is particularly interested in 
identifying actual consumer needs and addressing how those needs could be met in a more 
sustainable manner.
Other Tools Of Value That Are Important To A Sustainable Company
A key source of value for dealing with sustainability is the issue of customer preference. This 
is one of the main influences on aU companies to become involved with sustainable 
development. An important aspect of a company moving towards sustainability which has so 
far not been mentioned is the use of information technology. There should be creation of 
databases and communication systems that assist everyone to understand what is going on and 
to make sound decisions. Ideally, feedback should be available on a section or department at 
any time by pressing a button. Information technology should be used to inform and 
empower people rather than disempower them. The company Fujitsu Limited'*'" uses the 
internet extensively to communicate environmental information. This is the case with a 
number of companies as demonstrated by the internet links that are provided within this 
report for further information.
‘ http://www.suncor.com top energy company within the Dow Jones Sustainability Index 
" http://www.henkel.com 
'' http://www.unilever.com
http://www.fujitsu.co.jp/en/ top technological company within the Dow Jones Sustainability Index
33
Volume III
September 2000 6-month report
Appendix III
Gantt Charts Displaying Project Work For First Year In Detail.
(The Next Three Years Are Also Included But Without The Same Depth) 
N ot included in this volume due to loss of Microsoft Project
34
Volume III
September 2000 6-month report
Appendix IV
Sustainable Development Management Framework (SDMF) For The Shell 
Group
Included in Volume I, Figure 1.3
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Appendix V
Example Question For Self-Assessment Questionnaire Being Produced By 
Shell In Conjunction With Development Of Sustainability KPIs
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1. Introduction
The work incorporated in the following 6 month report includes progress on the subject of 
the development of a web of indicators. The idea behind the development of this project is to 
introduce the incorporation of social considerations within decision making processes of the 
industrial sector. This is an issue which has recentiy received attention due to events 
associated with Nigeria and Brent Spar that Shell, in particular, has been involved with. 
Within the industry there appears to be a change in focus currendy occurring from attention 
on environmental impacts and economic concerns to a wider view which incorporates social 
impacts. There is a greater concern that industry remains fuUy aware of its accountability of 
all aspects of sustainable development within its decision making processes. However, this 
paradigm shift that is currendy underway is reaching difficulties as the realisation that methods 
of identifying, measuring and monitoring social impacts of business operation are currendy 
not available. This is the aspect that this Engineering Doctorate (EngD) project work is 
aiming to address.
1.1. Objective of EngD Project
The objective of the EngD project is to develop within the portfolio a report that is built 
upon with time to incorporate a systemic range of social impacts and associated indicators. 
These can then provide a reference system when new or existing business operations or 
products are investigated for the purposes of social issues. The issues of concern can be used 
to target the relevant impacts and indicators for measuring and monitoring purposes. 
Thereby, the EngD project will provide a tool of use for the identification, measuring and 
monitoring of social issues which the industry is lacking at the present time. It will also be 
useful within the project structure to undertake development of economic and environmental 
indicators. This wiU ensure that the project retains a focus representative of sustainability and 
wiU assist with making the link between the three aspects of sustainable development.
1.2. Methodology of the EngD Project
The method by which this EngD project wiU be developed is through the use of literature 
reviews, analysis and practical implementation. By looking at work in this area undertaken by 
other research individuals an idea of the structure by which this work should be presented will 
be decided and developed. This will also utilise the common sense, or methods of analysis by 
the EngD student and supervisors involved with this project. This is far from sufficient and 
so to ensure that the objectives of the project are sustained there will be practical elements of 
the research. These elements will be led by company initiatives in the pursuit of assessment of 
social impacts and will begin by focusing on a project due to take place in Sakhalin, Russia. 
As the project develops with time, alternative projects associated with social impacts will be 
incorporated within the EngD project to ensure the work undertaken maintains a practical 
focus and benefit.
The last 6 months of this project has been a continuation of involvement with the work by 
Shell in Sakhalin, Russia. The work that has been completed to date on Sakhalin has been an 
assessment of the labour situation and impact issues associated with the arrival of a Liquefied 
Natural Gas (LNG) plant. A literature review was undertaken of previous projects that had 
displayed similar impacts on the surrounding environment (see “Labour Baseline Assessment” 
report within portfolio). This was in the hope of achieving identification of areas of best 
practice. The aim for the Sakhalin project is to progress with maximum positive and 
minimum negative impacts. The information contained within this report is an attempt to 
demonstrate the background to Sakhalin and introduce the development of a web of 
indicators which is explained in greater detail within the main report of the portfolio. Section 
6 of the report presents the deliverables achieved, and set, for the next 6 month period with 
the ultimate objective of development of the systemic range of indicators.
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2. Background to Sakhalin
The work on Sakhalin constitutes the first attempt at practical consideration of the 
implementation of social indicators. The emphasis is placed on the development of indicators 
related to work issues in this practical example, therefore, this has become the principal focus 
for the development of the social indicators. The main report of the portfolio (dedicated to 
the amalgamation of social indicators) contains the indicators that have been formulated on 
this issue. However, it is also important to present some background information on 
Sakhalin, which although not directly related to the EngD project, does assist with “setting the 
scene”. It should, therefore, provide some background to how the development of the 
indicators has taken place. Unfortunately, background information on Sakhalin is scarce and, therefore, 
much of the following information was obtained from Sakhalin Regional Museum (1996) “The History of 
Sakhalin” [online] http: 11 www.sakh.com! museum I en? I cont.asp [accessed 011021 Oil.
2.1. The Geography of Sakhalin
Sakhalin is the largest of the approximately 50 Kurile Islands. It is situated in the northern 
Pacific Ocean, surrounded by the Sea of Okhotsk and the Sea of Japan. The length of 
Sakhalin Island from north to south is 948 kilometres; with the greatest width being 160 
kilometres and the smallest width at 26 kilometres. The total area of the island is 76, 400 
square kilometres. The geology of the island is dominated by Mesozoic and Cenozoic rocks. 
The risk of oü spiUs in the Sea of Okhotsk is significant as Sakhalin Island is one of the most 
seismicaUy active areas in Russia with the potential for 8.0 Richter scale earthquakes (a recent 
Sakhaün quake destroyed a city of 20,000 people). There are very low temperatures during the 
winter months and a predominance of snowy conditions. Ice conditions in the Sea of 
Okhotsk have challenged both exploration and development efforts. There are often 2 metre 
thick ice floes (sheets of ice, usuaUy of variable size, floating in the sea) that can move at 
speeds of 1 metre per second. In the summer, the ocean drives mist and drizzle to the island. 
The sea round the island remains, however, rich in marine organisms and these provide the 
means of subsistence for the indigenous communities. Therefore, any development within the 
area must work with these harsh conditions and ensure that damage to the indigenous 
communities’ means of subsistence is minimised.
2.2. Indigenous Communities
OriginaUy there were three main ethnic groups in Sakhaün - the Nivkh people, mairüy in the 
north of the island, Orok in the central area and Ainu in the south. The minority indigenous 
community was originaUy the Evenk people. This is no longer true and it is now the Ainu 
people that are no longer demonstrated as shown in Figure 1 that displays the indigenous 
communities indicated within the 1989 Soviet census data. The indigenous communities, as 
stated in the previous section, rely heavüy on natural resources for subsistence purposes. For 
example, the Nivkh culture is based on salmon fishing and sea hunting whüst Orok culture 
was reindeer breeding with their main method of transport also being reindeer to assist with 
their winter to summer transitions between inland and the coastline. It is vital that any 
development within the Sakhalin region encourages the survival of these indigenous 
communities.
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qjm 1: The Indigenous Communities of Sakhalin
E thn ic  G ro u p s  o n  S a k h a lin
Ukrainian
Korean
Russian
Belorussian
Chuvash Oroch
NivkhTatar MordvinOthers
B/enkOrokNanay
Statistics o n  the Indigenous P eople o f  Saklialin
Group Percentage
Russian 83%
Ukrainian 7%
Korean 5%
Belorussian 1.6%
Tatar 1.5%
Mordvin 0.8%
Chuvash 0.36%
Nivkh 0.29%
Evenk 0.03%
Oroch 0.03%
Nanay 0.02%
Others 0.02%
Orok 0.02%
1989 Soviet Census Data
% o f  total oblast 
population
total
num ber
speaking their ow n  
language
indigenous 
language retention
N ivkh 0.3% 2008 447 22%
O roch 0.03% 212 44 21%
E venki 0.03% 188 33 18%
N anay 0.02% 173 47 27%
O rok 0.02% 129 58 45%
2.3. The History of Sakhalin
T he island o f  Sakhalin has undergone both  Russian and Japanese rule betw een  1855 and 1945. 
T his section  is an attem pt to dem onstrate brief details regarding this changing, largely political 
background. It assists in dem onstrating the feelings o f  the local population  at the present tim e  
that is an im portant consideration in  the develop m en t o f  social indicators. T he first political 
change o f  significance for Sakhalin cam e in  1869 w h en  Sakhalin w as under R ussian rule and a 
decree from  the Tsar led to  it becom ing a place o f  penal servitude and exile. T he w h ole  island  
becam e a prison and the prison adm inistration had lim itless pow er over b oth  the con victs and  
the few  free Sakhalin people. In 1905 (after defeats in the Russian-Japanese W ar (1904 - 
1905)) w ith in  the term s o f  the P ortsm outh A greem ent, South Sakhalin was g iven  to Japan and 
N o rth  Sakhalin was kept by Russia. T his A greem ent was reversed in 1945 and the period  
fo llow in g  the occupation  by the R ussians was chaotic. AU m ethods o f  m edia w ere banned or  
heavily controlled, the miUtaiy and elite o f  South  Saklialin w ere sent to  labour cam ps and the  
Japanese w ere eventually forced from  the region. In aU 313 ,000  p eop le betw een  1946 and 
1950 w ere deported to  Japan. N oth in g  could be taken w ith them  from  Sakhalin, they just 
received a small sum  o f  m on ey  w ith w hich  to start a new  life.
Russian rule had im portant social im plications. T h e Soviet policies o f  collectiv isation  and 
resettlem ent appeared to destroy the traditional way o f  life o f  the indigenous peop le. It also  
created a dependency o n  the new  form s o f  state-organised resource use and accom panying  
social changes. P eop le w ere attracted to locate to the region from  Russia w ith the prom ise o f  
higher salaries and better Uving standards. H ow ever, the collapse o f  the Soviet State stopped  
this and m any settlers now  struggle to survive. T hese points are o f  key significance for 
petroleum  developm ents and the arrival o f  m ultinational com panies w ith in  the area. T h e rules
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for public participation within decision-making processes will be very different within this area 
due to the Soviet State legacy with communities placing a greater dependence on certain 
bodies, such as companies, which must be fully understood and dealt with carefully by those 
bodies.
2.4. The Economy of Sakhalin
The Sakhalin economy is based on fish, fish-processing, forest, oil and gas industries. The 
island is the third largest producer of fish products in the Russian Far East. Seafood and 
timber are exported mostly to Japan. Since the late nineteenth century, the subsistence 
practices of the indigenous populations (fishing, hunting and reindeer herding) have 
increasingly had to compete with resource use introduced and developed by non-indigenous 
populations (collective farms, oil extraction, logging and mining. In general, the Sakhalin 
economy showed improved performance in 2000 compared to 1999 (although 1999 is not the 
best comparison as there was a financial crisis in 1998), however, there remains significant 
room for improvement. The majority of the population has a very low income (average 
US$34 compared to the minimum monthly income calculated by the Sakhalin Administration 
for Labour at US$55). The percentage of unprofitable enterprises is still high at 51.6%, a 
considerable amount of hope to increase the economic stability of the region is placed on the 
oü industry.
The difficult Sakhalin offshore drilling conditions (ice depth and seismic factors) require 
expensive technologies. This is why Russia began tendering Sakhalin offshore leases to 
foreign consortia. The total expected volume of investment could exceed US$40 biUion over 
the next 40 years. Companies have begun to sign the Production Sharing Agreements (PSAs) 
and the region, therefore, still appears attractive to foreign investment despite recent 
economic problems. It is important that investment from oü and gas developments should be 
used to encourage the traditional industries to help counteract the fact that oü and gas 
provides a fairly short term economic investment to the area. The traditional industries need 
to be encouraged to sustain economic growth to avoid the more typical “boom and bust” 
scenario.
On June 1 2000 SheU Sakhalin Holdings B.V. (SheU) and Marathon Sakhalin Limited 
(Marathon) signed a non binding letter of intent to transfer Marathon’s 37.5% interest in 
Sakhalin Energy Investment Company (SEIC) Limited to SheU, which already hold 25% of 
SEIC. SheU, therefore, became the operator responsible for providing the upstream and LNG 
services to SEIC.
2.5. Employment Within Sakhalin
During the first half of 2000 the population declined by 18.7% compared to the same period 
in 1999. In September 2000 the population of Sakhalin numbered 593.9 thousand, with the 
total size of the labour force at approximately 50% of aU inhabitants. Women constitute 
66.6% of the unemployed, with young people (aged 16 to 29) at 30.8%. There are a number 
of people living below the poverty line (as indicated by the average wage levels indicated in the 
previous section). It is important to maintain a consistency to wage levels associated with the 
O Ü  and gas industries, with boundaries that are preferably not excessively above traditional 
industries. This is to avoid migration of the workforce away from traditional industries which 
would exacerbate the “boom and bust” scenario that could occur Excessive wage increases 
can also lead to increased levels of alcoholism and crime within an area and other social issues. 
The PSA legislation under which the oU and gas projects operate dictate that a best effort be 
made to utilise Russian content. There is apparently, therefore, a great deal of opportunity for 
local employment with the arrival of petroleum companies. The use of local employment is 
advisable not just to stabilise economic conditions of the region, but also because companies 
are likely to find it very difficiüt to locate staff within the region. The area is considered as
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being “beyond remote” with a poor quality of life. Oil companies are seeking 70% local 
content in project development. This will bring investment to local communities and help 
sustain economic growth of the area and introduce “western” business practices to the 
Sakhalin industries.
2.6. The Infrastructure of Sakhalin
Sakhalin Island needs a re-vamping of almost its entire transportation and public utility 
infrastructure, and government revenues from the Sakhalin projects (it is hoped) should make 
much of this possible. There are a number of key concerns regarding the local infrastructure 
that require attention. The quality of the drinking water needs to be improved significantly in 
order to meet required standards. Air pollution is a serious problem which is exacerbated by 
frequent temperature inversions over the capital, Yuzhno-Sakhalinsk in winter. Domestic 
waste processing and recycling are not practiced within the region. All these factors offer a 
significant opportunity for the companies entering the area to make significant improvements 
to the local community’s quality of life.
3. Issues For Consideration Associated With Sakhalin Work
Having considered the background to Sakhalin in order to understand the issues involved with 
the operation of the petroleum industry within the area, the next stage of consideration can 
occur. It is important to ascertain the issues that have been identified by other individuals 
involved with research on Sakhalin. Work on Sakhalin within the academic community 
remains limited, but there is a small community involved with work in the area, whose
opinions and research findings cannot be ignored^. This chapter, therefore, attempts to 
briefly work through the issues that the academic community involved with Sakhalin have 
identified to date and relate it to the development of social indicators. It is looking at 
indicators on a broader scale than merely restricting to work issues. The following sections 
propose aspects of social impact for consideration in further work on social indicators.
3.1. Low Level of Public Activism and Awareness of Legal Rights
This section has a number of levels, firstly there is the low level of public activism within 
Sakhalin (and Russia as a whole. There is also reduced awareness of legal rights, these points 
have an important impact on decision making processes and the attainment of the local 
society of their “wants”. There is also the issue of consciousness of environmental issues by 
the local community which should be explored as the petroleum developments wiU have such 
a direct impact on natural resources of the region, which could affect the public in a number 
of ways.
The low level of public activism is a legacy of the Soviet climate of intimidation. Russia is 
currently undergoing a transition towards a more democratic style of government and a 
‘market-oriented’ economic development. The pressure is now on for local people to move 
away from a paternalistic relationship with the state to more independent participation in 
decision making processes (Wilson, E. 1999). There is increasing activity of some 
environmental and indigenous interest groups, but public activism remains low, and 
established forms of decision making continue to predominate. This is an important 
consideration to make when dealing with the identification of social indicators within an area 
(i.e. what the political structure of the region is) as that will have direct impact on decision 
making processes. It is unwise to use a high proportion of qualitative indicators if
 ^ A brief explanation of each member of the academic community is included in italics after their publication 
details in the reference section of this report.
48
Volume III
A pril2001 6-month report
stakeholders involved with the process are unused to being approached for their opinion, as 
they may feel uncomfortable with the situation. It could, therefore, have an impact on the 
number and type of responses received. The legacy of the predecessor with a climate of 
intimidation (and fear) could mean that respondents may adapt their answers to dictate what 
they believe is wanted to be heard, rather than what they consider to be the truth. An 
indicator that reveals the level of public activism would, therefore be of great use. This is 
highlighted to a greater extent by the fact that experts consider the Sakhalin projects have 
developed against the interests of the local communities and in contradiction to the original 
tender agreements with promised local benefits (including local jobs) not materialising 
(Wilson, E., 1999). It is important that the major companies entering the area do not take 
advantage of the local community’s requirements and that any agreements are executed when 
the process is underway. A social indicator that reflects implementation of original 
agreements would help to reveal the perception (whether favourable or unfavourable) of a 
project’s working practices.
With the arrival of the petroleum developments to the area, it can be supposed that 
environmental consciousness within the local community will change. There is no question 
that the ongoing oil and gas projects in Sakhalin wiU have a profound impact on the lives of 
the Sakhalin citizens, economically, environmentally and socially, perhaps even politically 
(Akaha, T. & Vassilieva, A., 1999). Environmental consciousness was the subject of a public 
opinion survey conducted in Sakhalin. The same number of respondents were secured from 
the following categories: NGOs, mass media, elementary and secondary school teachers, the 
business community, the Sakhalin oblast duma and administration (government departments), 
the Yuzhno-Sakhalinsk administration, university professors and students, and scientists. 
Responses can be summarised as follows^:
1. The majority expect positive benefits from petroleum developments (approximately one- 
third anticipate no benefits);
2. Benefits expected include regional economic development, cheaper gas for domestic 
purposes and improved living standards;
3. A large number of people anticipate benefits for others, not themselves. The oblast duma 
expect positive benefits for themselves, but considering their governmental positions, this 
can hardly be seen as surprising with the influx of money that the projects will bring;
4. The majority expect negative impacts on the local populations;
5. The utmost concern is potential environmental impact;
6. A smaller (but significant) number have concerns regarding crime and exploitation of 
cheap labour;
7. Lack of information regarding the developments is a key concern (particularly amongst the 
younger respondents), where it can combine with the issue over a lack of trust;
8. Those who did possess adequate information regarding the projects were concerned over a 
lack of appropriate allocation of funds for the energy resource development;
9. The majority believe that the oil and gas development projects will bring them closer to the 
rest of the world, however, a number of people also believe that closer international ties 
will bring moral decay to the their society (Akaha, T. & Vassilieva, A., 1999).
The results of this survey demonstrate how important it is to maintain a local population’s 
knowledge regarding a project. An indicator that reveals the level of stakeholder engagement 
undertaken by the company would, therefore, be of use. It is important to view carefully how 
citizens view internationally associated developments, as that has an important impact on the 
acceptability of the whole process to them. An indicator that demonstrates a country’s 
international ties would be of use, particularly in this instance.
 ^ For exact figures please refer to the reference document. This section is merely provided to provide a general 
guide to the local community’s views.
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3.2. Impact on Natural Resources
The most significant potential environmental threat from Sakhalin offshore oil and gas 
development is seen as a major oil spill from one of the transport tankers (Steiner, R. 1999). 
In the environmental impact assessment (EIA), Sakhalin Energy suggests that the “potential 
of a transport tanker release is classified as unlikely” (Steiner, R., 1999). A tanker spill along 
the coast of Sakhalin would have devastating affects on the natural resources and local 
population of the region. Not least because of the reliance local communities place on marine 
life for subsistence purposes. Additional details regarding risks and operating procedures 
should have been investigated within the EIA with strict operating standards imposed in order 
to minimise risks that are present (Steiner, R. 1999). More effort should be placed on avoiding 
such a catastrophic incident. This certainly has important implications in terms of social 
indicators. A method of analysing the risk to the local population would be an important 
addition to the indicator framework.
3.3. Traditional Industries
Leading on from the previous section the impact the project has on local industries (in the 
case of Sakhalin this reveals a heavy reliance on fishing, and exploitation of natural resources) 
is another important consideration. There is the potential for devastating effects on the local 
fishing industry (plus fishermen from other areas) (Wilson, E. 1999). Support to traditional 
industries should be maximised as it is important they are not lost due to the arrival of the 
short-term, high turnover petroleum companies. An indicator that assists in measuring and 
monitoring this point is very important.
3.4. Land Management
Once more, as a development to the previous section the issue of land management is an 
important factor in Sakhalin. The use of the land for traditional industry and cultural purposes 
is very important, but the issue of land management is a poorly developed concept in the 
region. Many indigenous communities are transient setders with no ties to the land (Wilson, 
E. 1999). It remains an issue of vital importance to the communities, however, and loss of 
land could lead to loss of subsistence and the failure of traditional industries could be the 
outcome. It is, therefore, important that land use remains at a minimum. An indicator to 
demonstrate land take and the avoidance of land that could be viewed as being traditionally 
important for the local community, would be useful.
3.5. Operational Difficulties of the Project to Date
The main operational difficulties that have been identified to date tend to focus on the 
company not meeting the demands that were originally agreed. 6% royalty payments were due 
to begin at the start of production which are lower than the world average. However, SEIC is 
claiming back VAT that they paid in contradiction to their PSA This totals a significant sum 
of money at US$23 million which will be paid back out of federal and regional royalty 
payments (Wilson, E. 1999). This is money that should have been spent on developing the 
needs of the Sakhalin region. The belief that there is limited local employment being 
generated by the project is exacerbated by the fact that incoming workers are being kept 
separate to the indigenous population and are, therefore, not contributing to the local 
economy (Wilson, E. 1999). Segregation assists with minimising the social impacts on the 
region that the migrant workers may present, but does also limit the economic interaction 
which society could benefit from. A careful balance could be struck, perhaps by the 
admission of local traders into the worker’s area in order to develop economic interaction.
Standards that have been applied on operational procedures in countries like the United 
States, have not necessarily been undertaken as yet by the Russian and Japanese governments.
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For example, the US has certain standards on vessel construction that minimise risks of oil 
spills, these standards should be introduced on Sakhalin operational procedures as soon as 
possible (Steiner, R., 1999). An indicator that details where any standards have been exceeded 
by a company’s operation would be very important, especially when operation is occurring in 
such a high risk environment as the petroleum sector.
3.6. Summary
Using the information that has been identified by members of the academic community it is 
possible to develop a list of indicator subject areas that should be included within a web of 
indicators (Sakhalin has been used as a case study, but the issues raised are likely to be 
reflective of a range of projects). The indicator subject areas that have been identified within 
the previous sections can, therefore, be summarised as follows:
Low Level of Public Activism and Awareness of Legal Rights
• Indicator(s) to reveal the level of public activism within an area;
• Indicator(s) to reveal implementation of original agreements between the company and the 
local community;
• Indicator(s) to reveal the level of stakeholder engagement associated with the project;
• Indicator(s) to reveal the extent of international ties of a country;
Impact on Natural Resources
• Indicator(s) to reveal the risks imposed by a project on the local population (i.e. through 
loss of natural resources).
Traditional Industries
• Indicator(s) to reveal the level of support to local industries.
Land Management
• Indicator(s) to reveal the local community’s requirements on land take;
• Indicator(s) to reveal the level of land take and state of land management by the company.
Operational Difficulties
• Indicator(s) to reveal the level of interaction between the migrant and indigenous 
population;
• Indicator(s) to reveal the level of operational difficulties experienced by the project.
The next stage of development in regards to this work on Sakhalin will, therefore, be to 
consider these issues in greater detail and ensure that these aspects are taken into account 
when dealing with further developments to the generic list of social indicators.
4. Indicators and SheU
In addition to maintaining an awareness of issues under investigation in association with 
Sakhalin, it is also important to maintain an understanding of the work underway within Shell 
on the issue of indicators. A number of initiatives are underway, but traditionally, much of 
this work has focused on environmental indicators. Increasingly countries and organisations 
are working to develop indicators that are more reflective of sustainable development. It is 
hoped that formation of a generic list of social indicators (which can be seen as the most 
difficult to define) will assist in the pursuit of this goal by development of this EngD project.
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The following is an outline of some of the work in SheU to date in order to ensure that 
progression of the project remains in Une with company requirements.
4.1. Progress Within the Shell Group as a Whole
In the SheU Report, 1999, the SheU Group committed to development of a set of sustainable 
development (SD), key performance indicators (KPIs) to assist in the implementation of the 
Sustainable Development Management Framework.. This has involved external dialogue with 
stakeholders and is now at a stage where borad categories for reporting have been estabUshed, 
work to develop the indicators is now underway. The ambition of the KPIs is to develop a 
way to measure SheU’s performance as the company has made a formal commitment to 
integrate SD into the way it conducts its business. It is done in order to manage (and aUow 
stakeholders to monitor) progress against the SD commitment and measure performance. 
The goal is to develop a concise set of KPIs that wiU cover the environmental, economic and 
social dimensions of SD, the goal is that they determine direction and inform decision making. 
The development of KPIs is seen as a complex area and it is expected to take many years 
before the fuU set is in place.
4.2. Exploration and Production (EP) Progress
Exploration and Production (EP) is the group seen as “leading the way” in terms of SD 
initiatives. This is reflected in the range if initiatives that they are involved with. They 
included a wide range of sustainabiUty indicators within their document “The Way Forward”. 
These were seen as important for operating units (OUs) to coUect and report, in order to 
reflect local circumstances.
The development of sustainabiUty indicators is increasing within SheU. However, 
implementation is a slow process, often focusing on the company as a whole, rather than 
dealing with individual project detaUs. It is, therefore, the intention that this EngD project 
wiU produce with the more technical aspects of SheU business operation. In order to do this, a 
structure on which to base indicator development is taking place, this is referred to as the 
“web of indicators”.
5. Web of Indicators
In order to progress with the development of the project it is important to identify a structure 
on which to base the indicators. This is included within a more detailed report within the 
portfoUo. The foUowing is a brief description of the concept of the structure of indicators 
that is currently under development, the basic premise is a web of indicators. The world is 
made up of environmental, social and economic events that affect the world as a whole, and 
the local community in a variety of ways. These events also impact upon each other, the 
interactions of these events constitute the web structure. The key to the formation of 
indicators is to identify those impacts that are of significant importance and impact to an 
event and also describe how the event wiU affect the impact. Different industries and stages 
of the Ufe cycle of an industry wiU have an alternative web of indicators associated with them. 
It is important, therefore, to focus on specific areas within industry where these indicators 
crystaUise, such as at extraction, production and distribution (in a simUar way to the points of 
emphasis within a Ufe cycle assessment).
Many industrial systems have an input, and an output. The task of the indicator is to allow the 
identification and measurement of aU inputs and outputs associated with the industrial system 
which wiU manifest themselves in impacts on the environment, economy and society. It is 
important for a company to recognise, understand and measure these inputs and outputs as
52
Volume III
A pril2001 6-month report
they will often reflect back onto the company in some form, such as reputational damage, 
poor workforce etc. It is important that these impacts are identified, monitored and mitigated 
for in order to enhance the life cycle of the industrial process. This fact is described in more 
detail in Box 1 (and also the main report of the portfolio).
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Box 1 : The Interaction of the Web of Indicators with the Industrial System
SYSTEM ENVIRONMENT
O
Industrial
system =c>
inputs outputs
system boundary
This is the description o f  an industrial 
system as described in terms o f  life cycle 
assessment by Consoli, F. et al. (1993). 
The diagram demonstrates the traditional 
view o f  inputs and outputs. However, in 
terms o f  the “web o f  indicators” it would 
be useful to take this diagram a stage 
further.
SYSTEM ENVIRONMENT
Industrial
system
inputs outputs
system boundary
The blue arrows represent the 
environmental, economic and 
social impacts that affect an 
industrial system both  
internally and externally. 
However, this diagram gives 
the industrial system at a too  
simplistic viewpoint. In fact, 
each industrial system is 
constituted o f  a number of 
steps, as described in the 
follovdng diagram.
SYSTEM ENVIRONMENT
o
inputs
Life cycle 
stage 1
Life cycle 
stage 2
Life cycle 
stage 3
Life cycle 
stage 4
outputs
The previous diagram displays how these impacts often assume a cyclical nature when looked at in 
greater detail. It also displays how it is useful to look at each life cycle stage in turn in order to gain 
an accurate impression o f  the situation.
For more information on the “web of indicators” see the main report within the EngD 
portfolio. The EngD project will continue the development of this work in order to provide 
structure to the social indicators under development which have, to date, focused on the issue 
of Sakhalin. As time progresses other case studies wiU also be included within this process to 
ensure the indicators provide a systemic representation.
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6. Deliverables
The deliverables from the previous 6 month report were as follows:
• Execution of literature review for Sakhalin project (deadline October 2000);
• Report on completion of Sakhalin work deadline (deadline 1 January 2001);
• Completion of literature review on social impact assessment, and other methods of social 
performance assessment that are currently used to aid decision making processes associated 
with SD (deadline January 2001);
• Production of social performance measure applicable to Shell (1®^ February 2001);
• Incorporation of social performance measurement within methodology for assessment of 
sustainability across the process chain (deadline 1®^ March 2001).
The first two tasks have been completed, and a greater understanding of the issues associated 
with Sakhalin has been achieved, as the information within this 6 month report demonstrates. 
In regards to the remaining three points from the previous 6 month report, an understanding 
of the issues behind the social impact assessment and social performance measurement has 
been achieved. Following the identification of a need to identify and develop social 
indicators, the structure of the web of indicators was developed. Work on social impacts has 
initially focused on aspects associated with work issues. With time progression it is the 
intention to build upon the initial work in order to achieve a systemic list of social indicators 
that could be involved in a project’s construction and operation. This list of social indicators 
win be contained within the main report of the portfolio. The social indicators will form the 
construct of the web of indicators which can be utilised on a selective basis as required by 
industry. Development of environmental and economic indicators will also occur in order to 
ensure assessment methods provide a true reflection of sustainability. With these final 
objectives for the EngD project in mind, the following 6 month deliverables are set as:
• Continued work on the development of social indicators;
• Title and abstract for 2002 EngD conference (deadline 30* April 2001);
• Development to main (accumulating) report on the web of social indicators (deadline 29* 
June 2001);
• Work on the development of environmental indicators;
• Work towards main report on a web of environmental indicators (deadline 28* September 
2001);
• Identification of the environmental and social indicators that provide vital sustainability 
links.
In regards to the development of social (and environmental) indicators there are some general 
points that require consideration. For example, referring to Box 1 of this report certain 
impacts in the final diagram were identified as assuming a cyclical nature. Certain issues that 
are outputs from an industrial process can impact back upon the process itself at a different 
point in operation. The cyclical nature of these issues should be identified as they will often 
have important implications for a company’s operation. Another question that will need to be 
addressed is in regards to the boundary on the impacts that are considered. It is not possible 
to consider every issue in detail, and a method of placing some kind of system boundary (as it 
is referred to in life cycle assessment literature) would help focus attention on the relevant 
aspects. These issues will be considered in work on the EngD project over the next six 
months, but they are not included as deliverables as they are likely to be on-going 
considerations. A Gantt chart is included in Appendix I detailing how the deliverables will be 
managed over the next 6 months.
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7. Progress of Sustainable Development Within SheU
As a continuing section of 6 month reports in association with this EngD project an 
awareness of issues of sustainable development within SheU is described. Within sections of 
direct relevance, issues of importance in regards to the EngD project have been identified.
7.1. Progress Within Operating Units
As part of its new operations, SheU BrazU EP has commenced a stakeholder engagement 
process, with the first initiative taking place at Block BC-10 in the Campos Basin. The 
BrazUian NGO, ProNatura, was commissioned to undertake a stakeholder appraisal of the 
local Vitoria society to improve understanding of their expectations and concerns and identify 
potential conflicts and opportunities. A local stakeholder workshop was then held involving 
academics, regulatory bodies, NGOs and fishermen to help clarify perceptions, promote 
debate about the exploration process and explain SheU’s HSE standards, procedures, 
mitigation and emergency plans. This enabled an action plan to be developed addressing local 
concerns about urban development, employabUity and impacts on the environment and 
fishing. AU participants received a personal report from the workshop. The proactive 
approach has received very positive feedback, with several stakeholders noting that this was 
the first time that an oU company was talking to them. Other companies are now considering 
adopting a simUar process. The use of quaUtative analysis and incorporation of stakeholder 
engagement within SheU has, therefore, been displayed as having a positive impact. This fact 
wiU assist in highUghting to the company as a whole, the importance of the inclusion of social 
impacts and the need for development of social indicators.
7.2. Contributing to Sustainable Development (SD) - A Management Primer
A new SD management primer has been issued, set out in two main sections: the first 
describes what contributing to SD means to SheU and how this involves taking a different 
approach to business than was done in the past. The second looks at the bigger picture - how 
different groups in society interpret SD differently and how effective stakeholder engagement 
can help to avoid some of the misunderstandings that can arise from different interpretations. 
It is an attempt to introduce more practical appUcations of the Sustainable Development 
Management Framework that was developed by SheU (detaUs in previous 6 month report). 
The incorporation of social issues can, therefore, be seen as becoming one of increasing 
concern to SheU’s operation and societal differences are being explored.
7.3. Progressing Sustainable Development (SD) In Chemicals
FoUowing the kick off of SheU Chemicals’ SD Network in November 2000, a wide range of
activities are underway to operationaUse SD into the business, led by seven ‘special interest
groups’:
• strategy integration - developing the vision and inputting SD elements into enterprise strategy;
• stakeholder engagement - sharing best practices in engagement between sites and businesses;
• work progress integration - systematicaUy reviewing SD elements in existing work and decision 
making processes, prioritising and engaging process owners for change.
• SD tools - developing /  supporting a Umited suite of SD tools for consistent use across 
enterprise;
• supply chain /  value proposition - identifying SD opportunities at customer /  supplier interfaces 
identifying the value-chain optimisation opportunities, transferring customer /  suppUer SD 
inteUigence;
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• manufacturing issues - sharing best practices and developing the case for SD action within 
areas such as eco-efficiency, industrial ecology and climate change;
• technology - interacting across the Business to identify and apply technologies required for 
continuous improvement in SD.
A new Chemicals SD website has also been developed to help improve staff understanding an 
show how the Business is positioning itself to benefit from sustainability principles 
(http://134.163.6.50:1058/html/index.html).
7.4. The Shell Group in General
Shell Transport and Trading has come top out of 184 UK FTSE companies and other global 
businesses in the 5* Business in the Environment Index of Corporate Environmental 
Engagement. The top five companies were (1) Shell, (2) Scottish Power, (3) British Energy, 
(4) Severn Trent (last year’s leader), (5) J Sainsbury. Disappointingly, the Index showed a low 
contribution by the corporate sector in general towards reducing greenhouse gas emissions; 
only 15% of companies set reduction targets of over 10% and 64% had no reduction targets at 
all.
7.5. Shell Global Solutions and the Sustainable Development Consultancy
The Engineering Doctorate project is based with Shell Global Solutions who launched a 
Sustainable Development Consultancy over a year ago. The consultancy has now launched a
web page detailing the service it provides^. Development of a one day training slide pack 
based on sustainable development (by Bryony Cunningham) has been produced for Shell 
Open University. Work is underway to gain an improved understanding of the processes 
associated with social impact assessment. A report on the subject is included in Appendix II 
by Bryony Cunningham. The labour assessment work on Sakhalin was completed (authors: 
Ian Voges, Bryony Cunningham). A proposal has been placed with Sakhalin and Oman 
petroleum companies for further work regarding social impact assessment. Subsequent 6 
month reports will detail progress within this Shell Group and feedback, responses and 
reactions to the web page and training package will be provided (when available).
 ^ see http://www.shellglobal soludons.com/hse/solurions/sustainable.htm. the page was developed by Bryony 
Cunningham and a web consultancy
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Social Impact Assessment 
11.1 Introduction
Social Impact Assessment (SIA) is defined as a process which predicts the significant social 
effects of an activit\% evaluates alternative sites, techniques and technologies, and proposes 
changes and management solutions that will lead to the enhancement of positive effects and a 
reduction of adverse effects. SIA is both legally required to fulfil obligations under the 
European Communit}" (EC) Directive on Environmental Assessment and practically required 
in order for sustainable development to become a realitt% It also provides benefits to the 
company in ensuring tliat activities run smoothly in cooperation with the local community and 
external agencies; this in turn will enhance the reputation of the company and improve access 
to future business opportunities.
11.2 Methodology
The Interorganisational Committee on guidelines and principles for social impact assessment 
were a group of social scientists who recognised the need for guidance in SIA as a result of 
legislation in the US. They propose the methodolog)" behind SIA as described in Figure 1 (the 
steps mirror that of the environmental impact assessment process).
Figure 1: Steps In The Social Impact Assessment Frocess
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Interorganisational Committee on Guidelines and Principles for Social Impact Assessment
(1995)
Shell Exploration and Production (EP) (1998) have also produced guidelines on the correct 
procedure of a SIA. Looking at past experiences of SIA within Shell there has been a limited 
amount of stakeholder involvement with the process. Often the social assessment that has 
been undertaken has focused upon socio-economic impact assessment. A socio-economic 
impact assessment involves looking at economic and sometimes other quantifiable data to 
estimate how these variables may be affected by a project or alternative. Although the socio­
economic impact assessment and social impact assessment have the same acronym (SIA), they 
are not interchangeable. Socio-economic impact assessment is one kind of SIA, and may be 
an important part of SIA, but it seldom is sufficient in itself to assess impacts on the social 
environment. Many important aspects of the social environment are not strictly economic, or 
even quantifiable. For example, the way people feel about the natural environment in which 
they live may be of critical importance to the identit)- of their comm uni t\\ but this kind of 
feeling is not something that can be quantified. In order to achieve the maximum benefit 
from the execution of a SIA it is important to include stakeholder consultation wherever 
possible. The ultimate aim of the SIA should be to ascertain:
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Character of receiving community";
Potential social impacts of the activity;
Design, siting and management options;
Provision of information;
Establishment of communication;
Development and recommendation of an impact management plan; 
Identification of measures to incorporate within the plan;
Identification of ways in which the project can contribute to the community.
IL3 Difficulties With SIA
The use of qualitative techniques in association with SIA is one of the most controversial parts 
of the process due to the risk of bias. It is important to understand what issues the project 
needs to deal with in order to identify the correct qualitative procedures. Tvpes of social 
impact which EP identify" as resulting from their activities are given as; demographic impacts, 
socio-economic impacts, health impacts, impacts on social infrastructure, impacts on natural 
resources, impacts on lifestydes and impacts on cultural property". There are many different 
lists of social impact available. Figure 2 demonstrates an alternative list of social impacts and 
demonstrates how the assessment of them can go from the objective to the subjective which 
has important implications for the assessment techniques.
Figure 2: Framework For Investigating Social Impacts
Population .structure 
Essential services 
Employment effects 
Distribution o f costs and benefits 
‘Social relations'
‘Quality o f life’
Subjective meanings
OBJECTIVE /  DESCRIPTIVE
SUBJECTIVE /  EVALUATIVE
The methods of assessment of these impacts vary dependent on a number of factors (e.g. 
community size, resources available etc.). In terms of Shell experience, the socio-economic 
report for Nigeria contains a broad range of assessment sources that are ty"pical of those used:
• Government archives;
• Books and journals;
• Key informants;
• Direct obser\"ation;
• Photography^;
• Questionnaires.
Often emphasis is heavily placed on questionnaires as a source for involving stakeholders and 
obtaining information. However, due to the often poor return of questionnaires and the one­
sided mode of communication they represent, it is advisable not to rely on them to any great 
extent. On pages 4 and 5 of this report a checklist has been produced using the 
Interorganisational Committee and EP’s guidelines on SIA to provide guidance on the 
assessment of impacts when executing a SIA. It is important when undertaking the process 
that specialists construct a matrix which benefits by directing their investigation. This also 
assists by display"ing transparency and openness to the procedure, and therefore helps 
counteract any arguments which could arise over the issue of bias.
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II.4 Summary
In summary, there are nine key points to remember when executing a SIA:
1. Involve the diverse public - identify and involve aU potentially affected groups and 
individuals;
2. Analyse impact equity - clearly identify who will win and who will lose, and emphasise 
vulnerability of under-represented groups;
3. Focus the assessment deal with issues and public concerns that really matter, not those that 
are just easy to count;
4. Identify methods and assumptions and define significance - describe how the SIA is 
conducted, what assumptions are used and how significance is determined;
5. Provide feedback on social impacts to project planners - identify problems that could be 
solved with changes to the proposed action or alternatives;
6. Use SIA practitioners - trained social scientists employing social science methods will 
provide the best results;
7. Establish monitoring and mitigation program - manage uncertainty by monitoring and 
mitigating adverse impacts;
8. Identify data sources - published scientific literature, secondary data and primary data from 
the affected area;
9. Plan for gaps in data - aspects such as data reliability should be assessed. It is more important 
to identify likely social impacts than to precisely quantify the more obvious social impacts.
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Summary
The main aim of the EngD project is the development of sustainability indicators. The 
intention is to use them as measures in order to move towards more effective decision making 
associated with sustainable development (SD). Upon project completion a compilation of 
indicators wiU be available for process and product levels. These wiU then be used to develop 
an appropriate decision support tool. In order to understand the different concepts and 
impacts fuUy a life cycle perspective is taken. Consideration is given to the component parts 
and overall system of the process or product. Through contemplation of the business life 
cycle perspective and development of indicators a better understanding of what it means to be 
a sustainable organisation will emerge. In order to achieve this, there must be an 
understanding as to what SD and sustainability entails.
SD and sustainability are difficult concepts. They have many uncertainties, complex 
interactions, levels of interpretation and there are often conflicting views on the best way 
forward. Interpretation tends to be an egocentric pursuit and each member of society has 
their own set of values, beliefs and morals that will influence their interpretation. At an 
industry level the companies are increasingly having to operationalise SD within the 
competitive marketplace. Without clarification of what SD means the development of 
effective tools and strategies cannot flourish. The work associated with this project is being 
undertaken within the petroleum industry; therefore, interpretation is focused at that level. SD 
refers to the fact that the petroleum industry must work towards ensuring the use and demise 
of oil reserves does not lead to negative impact on people’s quality of life (for current and 
future generations) or the longevity of the industry. The definition of sustainability is taken as 
when all three systems of sustainability are achieved simultaneously. To ensure effective 
decision making associated with SD and sustainability a sustainable measure is required.
Sustainability indicators have a number of difficulties associated with them. Key problems 
include the inherent difficulty of deriving measures that are recognised as important but 
cannot easily be quantified (for example, aesthetic value and quality of life). In such cases 
other available surrogate measures may be used that are less reliable or representative. 
Indicators require, to some degree, the ability to summarise information into useful and 
understandable indicators. There is no internationally accepted framework to measure SD, 
nor consensus on how indicators should be developed or what they should cover. This partly 
reflects that different indicators are required for different purposes. Issues vary between 
countries and from the international to local level.
The ecosphere’s ability to sustain productivity and biodiversity is dependent on very complex 
interactions between the various species within ecosystems and between different ecosystems. 
This interaction of the natural world should be reflected within the formation of indicators to 
ensure the complex linkages are highlighted and accounted for. For example, the level of 
education and training will impact on the employment levels (people are more inclined to 
work for a company that delivers a good level of training). In addition, the level of 
employment will dictate the degree of education and training required. It is important to 
understand what aspect of industry the indicator is conveying. In order to achieve this there 
must be detailed understanding of the industry, process or product being investigated.
The EngD project is based within the consultancy. Shell Global Solutions International 
(SGSl). Central to the implementation of sustainable measures within the SheU Group is the 
Sustainable Development Management Framework (SDMF). An investigation into its 
implementation found that lack of direction and confusion over certain concepts has led to 
slow absorption. The development of sustainabiUty indicators wiU help to demonstrate how 
appUcation of the SDMF can be successfuUy achieved. Initial focus is on social indicators; this 
is the area that has been most influential on the value shift within the petroleum industry. A
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focus on society often requires a considerable amount of qualitative analysis. This fact 
presents certain difficulties in the interpretation of information.
Two case studies have been undertaken to introduce empirical aspects to the project. The 
first case study focuses on stakeholder concerns at a product level. It presents an original 
situation as stakeholder concerns at the product level have not been attempted previously 
within the Shell Group. In contrast the case study on Sakhalin is looking at social impacts at a 
process level. The difference between the distinct indicators developed from the perspective 
of stakeholder concerns and social impacts wiU be an interesting investigation within the 
future work of the project. In addition the difference between the indicators developed for 
the process and product level wiU provide a valuable insight into the treatment of social 
aspects within a sustainable organisation.
One case study was undertaken as part of an assessment of sustainability of Rapeseed Methyl 
Ester (RME) biodiesel. The project is ongoing and the progress to date on social impacts 
includes a literature review and development of a stakeholder map. Further work will include 
involvement within the stakeholder processes and concrete definition of sustainability 
indicators. Another case study on a LNG plant on the island of Sakhalin south-east of Russia 
is also ongoing. It has focused on the development of social indicators that reflect working 
practices and requirements of construction and operation of the plant. The further work 
associated with Sakhalin is to compile a complete set of sustainability indicators. The RME 
biodiesel and Sakhalin case studies have enlightened the EngD project in a number of ways. 
There has been further development of the concept of linkages between indicator sets. 
Consideration has also been given to the added complexities of stakeholder work and dealing 
with social considerations without preconceptions as to how it should be executed. The case 
studies are highlighting concepts that are not apparent within theoretical work (such as the 
problems associated with dealing with stakeholder engagement in a confidential environment). 
The case studies provide the opportunity for a comparison of how process and product level 
indicators are developed, interpreted and monitored (this will be incorporated within further 
work once the case studies are completed). Further case studies will be undertaken to ensure 
that the fuU spectrum of sustainable requirements are encompassed within the empirical work. 
Using the SDMF, sustainability principles and work on the meaning of sustainable 
development (SD) a number of requirements have been developed. From these a number of 
points have been identified for further work such as the need for product comparison in terms 
of the risks presented to society. This investigation will develop a method for ascertaining 
which products are preferable in terms of sustainability.
The project requires a multifarious approach through the use of empirical and theoretical 
work. The concept and process of progressing with SD and moving towards sustainability is 
not immediately apparent within the decision making process in any of today’s businesses. 
The EngD project will address this fundamental gap in the knowledge regarding SD and 
sustainability.
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1. Aims and Objectives
The main aim of this project is the development of indicators of sustainable development 
(SD) for assessment of business processes and products. The project centres on the 
petroleum industry; an industry dependent on an unsustainable resource. However, petroleum 
products are seemingly fundamental to modern society’s quality of life. The objective of the 
work is to develop an appropriate decision support tool. The tool will facilitate an assessment 
of how sustainable (or unsustainable) business processes and products are. The intention is 
that the findings of this research can be applicable on a wider industry scale. The attention in 
terms of sustainability to date has mainly focused upon the traditionally measured areas of 
business practices (the economy and the environment). Consideration of social impacts has 
been scarce; therefore, it comprises the initial focus associated with this work.
Product assessments can use a life cycle assessment (LCA) as a means of assessing the 
interaction the product has with the environment. This is achieved by studying the individual 
stages of production, use and disposal in order to make an assessment on the product as a 
whole. In addition, this can also be applied at a process level as it also comprises a number of 
stages in order to produce the end result. In order to understand the different concepts and 
impacts fully a life cycle perspective is taken for the purposes of this project through 
consideration of the component parts and the overall system of the process or product. 
Through contemplation of the business life cycle perspective and development of indicators a 
better understanding of what it means to be a sustainable organisation will emerge.
2. The Meaning of Sustainable Development and Sustainability
It is important to define what sustainable development (SD) and sustainability means in the 
context of this project. Without an idea of what they stand for there can be no meaningful 
measures or decision making processes. The work associated with this project is being 
undertaken within the petroleum industry; therefore, interpretation is focused at that level. 
The definition of SD is interpreted as being that the petroleum industry must work towards 
ensuring the use and demise of oü reserves does not lead to negative impact on people’s 
quality of Hfe (for current and future generations) or the longevity of the industry. There are 
many interpretations of the meaning behind SD and sustainability. There is little consensus 
on their specific meaning although a number of general points can be made that are best 
described through the use of a Venn diagram. The term SD describes the process of moving 
towards a sustainable society whilst “sustainability” is used to describe the theoretical situation 
when a society is located within the central area of the Venn diagram in Figure 1 (CoweU et al.,
1999). Each lobe represents an aspect of sustainability and the central point where all lobes 
overlap represents the attainment of sustainability. The transition that is made towards the 
central point is the process of SD. Sustainability indicators are used to measure the progress 
towards (or away from) sustainability. Figure 1 has been adapted from its original form 
through the inclusion of the outer circle that denotes communication. In order to accomplish 
sustainability and achieve aU three aspects simultaneously a level of communication must be 
maintained. The principal tool for facilitating this communication process is the use of 
sustainability indicators. They can be used to monitor the success of each aspect. In terms of 
the petroleum industry the indicators must convey the impact the industry has on natural 
resources; particularly oil resources. There must also be a method of monitoring the impact 
the industry has upon people’s quality of life. A method of measuring the economic success 
and longevity of the industry is the final generic aspect that the indicators must cover. The 
EngD project is looking at each of these aspects in more detail to understand what indicators
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are required. There are a number of other interpretations and beliefs behind SD and 
sustainabilit}/ that must be explained to understand why the definition produced within this 
project is most applicable.
Figure 1: Sustainable Development and Sustainabilily (adaptedfrom Clift, 1995)
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diagram)
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One of the most commonly cited definitions of SD stresses the economic aspects by defining 
it as
“ .. .economic development that meets the needs of the present generation 
without compromising the abilit}^  of future generations to meet their own
needs”
(WCED, 1987, p. 43)
A number of authors have noted that this definition remains abstract and difficult to 
operationalise (Bennett and James, 1999; Warhurst, 2001). Reid (1995) noted that the idea of 
SD has attracted large groups with vert" different interests. It is suggested that it has been able 
to do this largely through the vagueness and ambiguit}" of the term itself. There is currently a 
move away from tlie generic term as SD evolves from theort" and vision to operational realit}" 
and solutions. Bossel (1999) takes a society based view of SD by defining it as, “ .. .the kind of 
human activitv" that nourishes and perpetuates the historical fulfilment of the whole 
community of Hfe on earth”. The different interpretations often focus on one aspect 
(environment, economy or society) the definition associated with this work is an attempt to 
include all aspects. Maiteny (2000) describes how interpretation of SD tends to be an 
egocentric pursuit with each member of society having their own set of values, beHefs and 
morals that will influence their interpretation. The conclusion of Alaiteny’s work highlights 
the need for a paradigm shift away from resource-intensive consumerism in order to obtain 
satisfaction and well-being. The author delves into the writings of sociologists such as Maslow 
(1954) who proposed the hierarchy of needs that characterises society". This highlights another
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important consideration that interpretation of SD is reflective of a certain point in time. The 
needs will change as society evolves. Therefore, the interpretation and emphasis placed on 
SD cannot be taken as a static process (Hardi et al., 1997). Definitions of sustainability are 
more scarce; it is best described as more of a “concept”. Sustainability requires all three 
systems of SD to be achieved simultaneously. Recognising whether this has been achieved 
requires the use of sustainability indicators. One of the fundamental problems that indicators 
need to deal with is that it is not possible to reach a consensus on the characteristics of a 
sustainable society. Different individuals and organisations have their own perception (Cowell 
et al., 1999). Sustainability refers to the ability of a system to be maintained that does not 
impact negatively on the quality of life. The economic, environmental and social systems 
must provide a healthy, productive and “meaningful” life for all. Only by understanding the 
intricacies associated with SD can effective tools and strategies be developed. The intricacies 
include points such as: how to place a value on aspects such as the environment or quality of 
life, how to leave enough resources for future generations (intergeneradonal equity), how to 
ensure everyone receives the same opportunities (intragenerational equity) and how to balance 
the different interpretations of SD and sustainability to develop appropriate measures. To 
deal with these points, it is important to understand what SD and sustainability means on an 
individual basis as opposed to generic; therefore, the definition restricted to the petroleum 
industry was developed.
The fact that the petroleum industry is based on an unsustainable resource is absolute. The 
industry must work to minimise its dependence and use of non-renewable resources. Rising 
fuel prices and the impact of fuel shortages (in the early 1970s and 2000) have contributed to 
the awareness that modern society is dependent on the production and use of oil. The 
economic value of current operation is assured. However, there is a tendency to consider that 
rising prices as the resource becomes more scarce will deal with future supply and demand 
issues. The societal implications of this are critical. The industry must be aware of the 
reliance placed on it within modern society; and the dependence it has on consumers now and 
in the future. Any interpretation of SD or sustainability that relies heavily on the need to 
maintain natural resources for future generations cannot be applied within the petroleum 
industry. The business has been based on a non-renewable resource for a number of years, 
any attempt to replace the fuel in its current form for future generations is not feasible. With 
the likelihood of depleted oil reserves the petroleum companies need to ensure that people’s 
quality of life in all countries is not adversely affected in the short and long term (introducing 
the issues of equity and futurity). A method for measuring, monitoring and assessing SD will 
assist decision making processes to work towards the concept of sustainability becoming a 
reality. In order to achieve this the definitions of SD and sustainability have been concluded. 
SD refers to the fact that the petroleum industry must work towards ensuring the use and 
demise of oil reserves does not lead to negative impact on people’s quality of life (for current 
and future generations) or the longevity of the industry. The definition of sustainability is 
taken as when all three systems of sustainability (Figure 1) are achieved simultaneously.
3. Sustainability Indicators
The focus of attention regarding this project is the development of sustainability indicators. 
The intention is to develop an accurate measure of SD to enable assessment of the 
sustainability of a product, process or business. Indicators are an essential component in the 
overall assessment of the progress towards sustainability (Moldan and BiUharz, 1997). SD and 
sustainability are difficult concepts. They have many uncertainties, complex interactions, 
levels of interpretation and there are often conflicting views on the best way forward. These 
points make it difficult to produce sustainability indicators. This point has been investigated 
within a number of key publications (Bell and Morse, 1999; Department of the Environment,
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1996; MacGillivray and Zadek, 1995; Moldan and BiUharz, 1997). Major problems include the 
inherent difficulty of deriving measures that are recognised as important, but cannot be easUy 
quantified (for example, aesthetic value and quality of Ufe). In such cases other avaUable 
surrogate measures may be used that may be less reUable or representative. Even when 
parameters can be derived there may be the added complexity of the necessary data being 
unavailable. Indicators require, to some degree, the ability to summarise very vast amounts of 
information into useful and understandable indicators. There is no internationaUy accepted 
framework to measure SD, nor consensus on how indicators should be developed or what 
they should cover. This partly reflects the fact that different indicators are required for 
different purposes. Issues vary between countries and from the international to local level. 
Moldan and BiUharz (1997) describe an additional difficulty that value judgements may enter 
indicators at different levels. The term “value” has two common meanings relevant to the 
discussion of indicators: the first is that of relative worth, utility or importance. The second 
meaning essentiaUy aUudes to a state of a variable in the general systems context. The 
introduction of value highlights the fact that some level of bias wiU enter the formation of 
indicators and its existence should be noted.
Indicators are variables; data are actual measurements. A collection of quantitative data is 
usuaUy referred to as statistics. Sustainability indicators are not the sole method for interpreting 
sustainability (or unsustainability) measurement. It is important to distinguish between the 
different terms that should not be seen as interchangeable. These terms are explained in some 
detaU within Moldan and BiUharz (1997). A target refers to a specific value (or set of values) 
that is set to be achieved. The target is set in the context of a decision making process and is 
expected to be achievable. A goal tends to be a quaUtative term that indicates a general 
direction rather than a specific state. Standards refer to an internal or external prescription of 
the state of affairs. The fact that sustainabiUty remains an elusive concept makes it appear 
injudicious to prescribe direction through the use of standards. An index is an aggregate 
measure that presents highly condensed information by aggregating data. Hardi et al. (1997) 
describe the problems of subjectivity within the weighting procedure. There is also a danger 
of loss of analytical power within the aggregation process. The complexity of the Unk 
between the index and the real world might not be truly reflected. A metric is another example 
that may not express the true reality. Metrics require a method of calculation of impacts 
thereby forcing the measurement to become quantitative. There are representational 
difficulties associated with converting quaUtative data to quantitative. A benchmark is a figure 
by which others may be measured or judged. An analogy within the field of SD is not always 
possible, which is a critical requirement when using benchmarks. The most important feature 
of indicators compared to other forms of information is relevance to poUcy and decision 
making. In comparison to other examples of sustainable measures an indicator can be a 
quaUtative (nominal) variable, a rank (ordinal) variable or a quantitative variable. Indicators 
present the most flexible method of measurement and monitoring; therefore, they are the 
most appUcable measure when deaUng with SD and sustainabiUty.
“Indicators are signs or signals of complex events and systems. Thy are hits of 
information pointing to characteristics of y  stems or highlighting what is happening'
Hardi et al. (1997) p.8
There are a number of indicators in circulation from industry, government and community 
levels. Fricker (1998) views the proUferation of indicators as suggestive of the confusion and 
uncertainty of what is to be measured and perhaps even the absence of debate and 
understanding. The interpretation taken within this project is that the significant number of 
indicators available reflects the multifarious nature of SD. In terms of indicators it is 
important to remember that decision makers rely on easily assimilated information. Failure to 
develop appropriate indicators could mean marginaUsation of vital interests in the decision 
making process (MacGiUivray and Zadek, 1995). The fundamental chaUenge is that the
2yeardisver4.doc 7 5
Volume III
September 2001 2-year dissertation
number of indicators should be as small as possible so the main messages are clear but avoid 
oversimplification of the issues (Department of the Environment, 1996). It is also important 
to recognise that SD constitutes a number of complex, interlinked problems. There is a need 
to move beyond the usual, more or less, exhaustive lists of individual indicators to integrated 
or interlinked sets of indicators (Moldan and BiUharz, 1997). The starting point in relation to 
sustainability indicators for conceptualisation and practical implementation is the 
establishment of the qualities that are of most use within an indicator set. These 
characteristics have been highlighted within a number of texts, particularly Meadows (1998) 
and Moldan and BiUharz (1997), they are described in Table 1.
Table 1: The Characteristics of Ideal Stistainability Indicators (adaptedfrom Meadows, 1998)
Feasible Measurable at reasonable cost
Sufficient Not too much information to comprehend, not to give too Uttle to 
give an adequate picture of the situation
Timely Compilable without long delays
Appropriate in 
scale
Not over or under-aggregated
Democratic People should have input to indicator choice and have access to 
results
Supplementary Should include what people can’t measure for themselves (such as 
radioactive emissions, or satellite imagery)
Participatory Should make use of what people can measure for themselves (such as 
river water quality or local biodiversity) and compile it to provide 
geographic or time overviews
Hierarchical So a user can delve down to details if desired but can also get the 
general message quickly.
Physical Money and prices are noisy, inflatable, slippery and unstably 
exchangeable. Since sustainable development is to a large extent 
concerned with physical things - food, water, pollutants, forests, 
houses and health - it is best wherever possible to measure it in 
physical units.
Leading So they can provide information in time to act on it
Tentative Up for discussion, learning and change.
Communicative The indicators must be easy to understand.
Economical The collection of indicators should balance the information 
requirement with the available resources.
Verified The homogeneity of interpretation can be assured through the use of 
external verification.
The work by Meadows (1998) accentuates that it is simple enough to Ust the characteristics of 
an indicator, but very difficult to find indicators that actuaUy match the ideal. The 
characteristics in Table 1 present a broad overview of sustainabiUty indicators. The bottom 
three attributes have been added by the Research Engineer. Communication and cost are 
important because if information is not presented, or avaUable for coUection at the right level 
or price there is the danger that the data wiU be ignored or even misrepresented. WhUst 
unavoidable the use of personal interpretation can bring into question issues over bias and 
objectivity. To some degree this effect can be compensated through the use of external 
verification and by ensuring that indicator sets already in existence are reflected in the work.
Within this project there has been investigation of a number of fundamental indicator sets. 
Veleva and EUenbecker (2001) focus on indicator sets within their work and conclude there is 
a need to standardise the methodology and have an agreed, expUcit and operational definition
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of indicators. Work by die Lowell Center for Sustainable Production has gone far in securing 
a methodolog}" for environmental indicators but more work is needed to refine the economic 
and social indicators. To date, the most interesting findings regarding the development of 
indicator sets has been observed within work by the DETR (2000). Firsdy, it has adopted a 
structured approach whereby a generic set provide an overall impression of sustainability^ 
These indicators are amplified at a community level. The DETR indicator set also feature the 
linkages between the indicators (this point is also highlighted within a review of community^ 
indicators by Valentin and Spangenberg, 2000 and Moldan and BiUharz, 1997 mentioned 
previously). The consideration of linkages is introduced to this project through development 
of a “web of indicators” concept.
3.1. Web of Indicators
Robert (2000) describes how the ecosphere’s ability" to sustain productivity and biodiversity" is 
dependent on vety" complex interactions between the various species within ecosystems and 
within different ecosystems. Based on this thinking it would appear that the interaction of the 
natural world should be reflected within the formation of indicators to ensure the complex 
interactions are highlighted and accounted for. Work undertaken witliin the project to date 
accentuated the point that these complex interlinkages have not been integrated within 
sustainability indicator formation (the DETR work being an exception). The world consists 
of environmental, economic and social events that affect the world as a whole, and the local 
community in a variety" of ways. These events also impact upon each other; therefore, 
displaying the basic web structure that is highlighted in Figure 2.
Figure 2: Some Of The JJnks between Indicators (adapted from DE TR, 2000)
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The modification to Figure 2 has been to change the arrows to signify a two-way process (in 
the DETR version the arrows are one-way). Each industrial system has inputs and outputs. 
The task of indicators is to measure all the inputs and outputs associated with operation of an 
industrial system. To re-iterate an earlier point, focus must be on the environment, economy 
and society" plus incorporating how these sections interact with each other. As indicated 
within Figure 1 it is worth considering that measurement of certain indicators may be 
indicative of an input or an output, depending on the system under analysis. For example, the 
level of education and training will impact on the employment levels (people are more inclined
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to work for a company that delivers a good level of training). In addition, the level of 
employment will dictate the degree of education and training required. It is important to 
understand what aspect of industn" the indicator is conveying. In order to achieve this there is 
a requirement for detailed understanding of the industry, process or product that is being 
investigated.
4. Sustainability Indicators and the Petroleum Industry
In order to understand the communication requirements of indicators there must be 
comprehension of the industry" they are conveying. In keeping with the life cycle perspective 
of the project it is imperative to understand the stages associated with the petroleum industty". 
This information is summarised in Figure 3.
Figure 3: IJfe Cycle Stages of the Fetrokum Industry (Be/off and Beaver, 2000)
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The information in Figure 3 concentrates on environmental aspects. The life cycle approach 
was not developed to convey aU impacts of sustainability"; its function was to assess the 
emission data and material usage of the product or process. It would be useful to understand 
how all sustainability" impacts are an integral part of the industiy". This is achieved by effective 
identification, measurement and monitoring of the impacts through the development of 
sustainability" indicators. Upon completion of the project the life cycle perspective will have 
been amplified to encompass all facets of sustainability. It is essential to clarify the setting 
where the work is undertaken. This is because the processes and products of the company 
will have an important influence on the orientation behind the work.
4.1. Shell and Sustainable Development (SD)
The EngD project is based within the consultancy. Shell Global Solutions International 
(SGSI) that exists to provide assistance to the operating units (OUs). It is presented as an 
international technolog}" business that delivers integrated services working primarily in the oil.
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gas and process industries. The consultancy aims to provide a competitive edge by helping to 
optimise plant and process performance in addition to formulating and developing products. 
The project is in a good location to be involved with Shell’s operations at a process and 
product level. The text within this chapter is formed from observations and internal 
documentation viewed by the Research Engineer. A selection of businesses within the Shell 
Group have SD teams. The corporate centre of Shell has a SD group that provides the basics 
for implementation of sustainable measures throughout the Shell Group.
4.2, Sustainable Development M anagement Framework (SDMF)
Central to the implementation of sustainable measures within the Shell Group (devised by the 
corporate centre) is the Sustainable Development Management Framework (SDMF). The 
tools that are developed in relation to SD must incorporate into the management framework 
described in Figure 4k
Figure 4: Sustainable FOevelopment Management Framework (SDMF)
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The SDMF has been developed to guide the various companies of the Shell Group towards 
sustainability. The SDMF was sent to all OUs in April 1999. There was a request to review 
and consider its application within each Shell company. The SDMF was designed as the core 
of the decision making processes associated with SD. Therefore, it is important to understand 
how it has been implemented by the OUs to date. An investigation into the implementation 
plans of the 22 countries that had published information was undertaken by the Research 
Engineer. The main conclusion from this work was that many of the countries believed they 
were undertaking sufficient SD initiatives. However, when investigated their contributions
This diagram has been taken from internal documentation but is available for external use. 
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were little more than lip service. Attention was often focused on what money they provided 
for the local population. There was littie clarification as to what the money was used for; 
whether it benefited the community" as a whole or just key individuals. It appears that the 
management framework has been distributed without sufficient education or explanation. 
The method of application of the SDMF was not explicit. The lack of direction and 
confusion over certain concepts has led to slow absorption. The results of this work by the 
Research Engineer highlights the need for development of sustainability indicators to help 
demonstrate what areas the OUs should be addressing. The monitoring aspect of an effective 
indicator system may also demonstrate how important SD considerations are within decision 
making processes. The indicators will facilitate the translation of the SDMF into operation. 
The Exploration and Production (EP) section of the Shell Group has already made attempts 
to integrate the SDMF through development of sustainability" principles. The association 
between the SDMF, the sustainability" principles and indicators of sustainability" are presented 
in Figure 5“.
Figure 5: The SDMF, Sustainability Principles and Indicators of Sustainability
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The sustainability" principles are the intermediaiy" between the SDMF and the sustainability" 
indicators. The indicators provide the specific and fundamental aspect of decision making 
regarding SD. The development of indicators within the Shell Group to date has been 
limited. Projects will sporadically produce indicators of their own (the situation within the 
Sakhalin case study, section 5.3). There is currently no consensus on how these indicators 
should be developed, or what they should cover. At a corporate level progress involves the 
development of Key Performance Indicators (KPIs).
4.3. Key Performance Indicators (KPIs)
There are currently moves within the Shell Group to produce measures. Key Performance 
Indicators (KPIs) to enable Shell to manage (and the stakeholders monitor) progress against
" The information within this diagram has been amalgamated from a variety of internal documents. 
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Shell’s commitment to SD. The KPIs are currently under a two year development plan with 
the focus on the indicators displayed in Table 2.
Table 2: Key Performance Indicators (KPIs) Under Development
Economic Environmental Social Governance and 
values
Total
shareholder
return
Critical environmental data Critical HSE data Staff belief that the 
Shell Group encourages 
them to act with 
integrity
Customer
satisfaction
Acceptability of 
environmental performance 
(against benchmark and 
perception)
Staff feelings on 
how the company 
respects them
Degree of alignment of 
business processes with 
SD principles
Innovation Greenhouse gas emissions Equal opportunity 
/  diversity
Reputation
Quality of social 
investment
Human rights Stakeholder perception 
of quality of 
engagement
The development of KPIs are occurring within the corporate centre of Shell. The KPIs will 
involve studying Shell as a whole rather than its components individually (products and 
processes). Allowance has been made by Shell for “other indicators”. These are impacts that 
do not have a clear target or direction. They are likely to be a measure of compliance in the 
future. The work associated with this project wiH be a development to the KPIs and will use 
the attributes listed in Table 1 to ensure interesting and useful indicators are produced. It is 
worth reiterating that the development of indicators associated with this project will not only 
incorporate process level considerations (that the SDMF and sustainability principles deploy), 
but also the more specialist level of product indicators. Customers and society at large want to 
know what the product risks are and how they are managed. The risks causing most concern 
are mainly beyond the point of sale where exposure is involuntary and consequences are 
unknown or dreaded. They range from the effects of combustion emissions and exposure to 
suspect carcinogens, to contamination of groundwater and disposal of waste lubricants. The 
method of managing these risks is dealt with by the Shell Group through a Risk Assessment 
Matrix (RAM) that is presented in Figure 6. The RAM standardises qualitative risk assessment 
and facilitates the categorisation of risk from threats to human, safety, environment and 
reputation.
Figure 6: The Risk Assessment Matrix (RAM)
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CONSEQUENCES INCREASING LIKELIHOOD
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* — permanent total disabilit}". This refers to the event where an individual is left unable to
work in the future.
A scale of consequences from zero to five is used to indicate increasing severity. The placing of 
the score within the likelihood categories allows for identification of the high, medium and low 
risk areas. Depending on individual circumstances the Shell Group takes action on the high 
and medium risk concerns. It is viewed as a method of categorising risks methodically. 
However, there is an important consideration of the likelihood of personal bias within use of 
the RAM. It also focuses on a narrow range of impacts. The development of sustainabilit)" 
indicators would assist in amplifying this tool and increase objectivit}" of the findings 
associated with it. In order for this to be possible it is likely that parameters wiU be needed to 
ensure there can be replication within the measurements. This is not always feasible, 
particularly in relation to social indicators. A method of resolving this issue wiU be required.
5. Social Indicators
A focus on society often requires a considerable amount of qualitative analysis. This presents 
certain difficulties in the interpretation of information. The expression of the economy and 
the environment has traditionally provided an easier means of interpretation (Fricker, 1998). 
There is a danger of evading social aspects as they are considered too difficult to express 
quantitatively. The reticence to deal with qualitative aspects must be addressed; otherwise 
there is the possibility" some essential features of SD will be excluded. Consideration of social 
aspects not only relates to events that impact on human society or organisation. It is also 
necessary to consider sociological concerns. This involves studying the development, 
organisation, functioning and classification of human societies. This is a complex task so to 
initiate the process consideration was given to the interactions between society, SD and 
industn".
5.1. The Interaction Between Society and Industry
To identif}" and work with the negative and positive aspects of society" it is necessary" to have 
an understanding of the interactions that form the basis of today’s society". This interaction is 
referred to as social capital. Elkington (1997) claims that social capital depends upon the 
acquisition and maintenance of such virtues as loyalty, honesp" and dependabilip". In terms of 
industp" the corporations committed to SD put social capital (plus natural capital and
2yeardisver4.doc 82
Volume III
September 2001 2-jear dissertation
equitable wealth creation) at the centre of the way they do business (Hedstrom et ah, 2000). 
There are two levels that an industry needs to take social capital into account. Firstly there are 
social impacts; these are the areas where industry is aware that its operation has an impact on 
society as a whole. Secondly, there are stakeholder concerns that are the impacts that 
stakeholders (separate groups of society) perceive coming from an industry. These are often 
the same as the social impacts identified by the industiy, but the element of people’s 
perception adds an added dimension that must be taken into account. The traditional view of 
industry is that it maintains a relationship with its stakeholders through the injection of 
financial gains to an area. There is a great deal more to the relationship. With the dawn of 
stakeholder engagement and participation the inclusion of social capital is being introduced to 
corporation decision making (Krishna and Shrader, 1999). One of the key factors is the 
degree of trust (Fukuyama, 1995; Michalos, 1995) between an industry and its stakeholders. 
Active engagement with the external world provides the intelligence to make decisions in ways 
that generate sustained value (Business Impact, 2001; Hedstrom et al., 2000; Petts, 2000). The 
events surrounding the Brent Spar incident involving Shell and Greenpeace highlight this 
point. Greenpeace had obtained a good understanding of the underlying fears and concerns 
of the public (Lofstedt and Renn, 1998). In contrast Shell was perceived as dictatorial with 
little concern for the impact of its operations. The low level of trust meant communication 
between Shell and its stakeholders was largely discounted and Shell’s financial value suffered 
as a result. In this circumstance Shell had taken into account its social impacts, but had not 
properly accounted for the stakeholder concerns.
Two case studies have been undertaken to introduce empirical aspects to the project. The 
first case study focuses on stakeholder concerns at a product level. It presents an original 
contribution as stakeholder concerns at the product level have not been attempted previously 
within the Shell Group. In contrast the work on Sakhalin is at a process level and focuses on 
social impacts. Work has been undertaken that is similar to this example through social 
impact assessment on other sites.
5.2. Case Study One: Product Focus on Rapeseed Methyl Ester (RME) Biodiesel
The work associated with this case study was done as part of an assessment of sustainabihty of 
Rapeseed Methyl Ester (RME) biodiesel. The project is ongoing and the progress to date on 
stakeholder concerns includes a literature review and development of a stakeholder map. The 
work will integrate with the work on the environmental and economic aspects. A great deal of 
research has been undertaken on the environmental aspects (Altin, 2001; BABFO, 1994; 
BABFO, 1999; Kraus et al., 2000; Peterson and Hustrulid, 1998 and Reinhardt and Jungk,
2000). Information on stakeholder concerns was much harder to obtain. The project has 
exposed a number of key points in relation to the work on social indicators. In particular it 
highlighted the added complexity from the introduction of stakeholders. No previous work 
on stakeholder concerns of products had been done by the Shell Group. In order to structure 
the analysis a Social Impact Assessment (SLA) perspective was taken.
5.2.1. Social Impact Assessment (SIA)
Social Impact Assessment (SIA) is defined as a process that predicts the significant social 
effects of an activity (Barrow, 1997). It is intended to evaluate the alternative sites, techniques, 
technologies and propose changes and management solutions. SIA helps to ensure the 
adverse social impacts of an activity are minimised and the positive effects are enhanced. It 
provides benefits to the company in ensuring that activities run smoothly in co-operation with 
the local community and external agencies. Traditionally within the Shell Group SIA has been 
used to interpret social impacts at a process level, for example construction of a new LNG
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site. However, the categories^ of social impacts that the SIA has developed provide an 
effective method for management of the social impacts at a product level (in this case RME 
biodiesel) and process (Sakhalin LNG plant explained in section 5.3). The analogies and 
contrasts between product and process level indicators will be an important area of further 
research once the case studies have developed further and produced explicit sustainabihty 
indicators.
In terms of the work on RME biodiesel the impacts associated with the categories of SIA 
have been explored. With demographic impact the focus is on a change in the size or make­
up of the population. The principal demographic impact is migration. When deahng with 
RME biodiesel there is currently a diminishing agricultural industry that has important 
repercussions on the rural community. People are migrating from the rural areas in pursuit of 
employment and improved standard of hving as rural income decreases. The growth of 
rapeseed may be a contributory factor through increased employment (whether direct or 
indirect) and additional income to encourage the industry to recover from its current demise. 
The socio-economic impacts of RME biodiesel refers to the level of employment creation 
(particularly long-term). It is important to investigate the health impact of rapeseed 
plantations on asthma and hay-fever plantations (impacts related to health from emissions is 
incorporated within the environmental work, an example of the distinction that must be made 
between social and environmental impacts to ensure avoidance of double-counting. The 
impact on social infrastructure and impact on lifestyle is currently at a theoretical stage. They 
require consideration of impacts such as the migration of people to an area and people’s 
attitude towards using RME biodiesel as opposed to conventional fuel. The impact on 
cultural property (meaning the use of areas where there is an example of cultural heritage such 
as a burial mound) is an impact that will require attention at an individual site level. Site 
specifics of each plantation and production site must take cultural aspects into account. The 
social equity of impacts requires an understanding of the stakeholder groups that will benefit 
and be adversely affected by the introduction of RME biodiesel. This introduced the need for 
stakeholder identification and engagement associated with the development of social 
indicators.
5.2.2. Stakeholder Identification
The reason for involving stakeholders within decision making processes of organisations is 
due to a variety of incentives (Zadek et al., 1997; Gumming, 2001). Firstly, the use of 
stakeholders can be due to organisational decision makers seeking to understand the 
perceptions and requirements that stakeholders have of the organisation. The aim is to 
anticipate the possible effects that these opinions may have on future business activities. 
Secondly, inclusion can be due to public interest leading to legislative and opinion driven 
pressure. In the case of RME biodiesel the driving force for the inclusion of stakeholder 
concerns was the need for decision makers to understand the associated perceptions and 
requirements. In addition there is evidence of a value shift within the Shell Group following 
events associated with Brent Spar and Nigeria. The organisation is beginning to understand 
that understanding and communicating with society can assist in avoiding adverse impacts 
(this is displayed in the inclusion of stakeholder risks and opportunities within the SDMF in 
Figure 4).
 ^ Developed by Shell Exploration and Production (EP) in the internal HSE Manual Yellow Guide: “Social Impact 
Assessment” EP 95-0371. The categories are: demographic impacts, socio-economic impacts, health impacts, impacts on 
social infrastructure, impacts on natural resources, impacts on lifestyle, impacts on cultural property and social equity of 
impacts.
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The ideal method of stakeholder identification would be one in which stakeholders identify 
each other, a reflexive identification process. However, an issue of confidentiality limited the 
extent to which engagement with stakeholders could occur. The External Relations 
Department of Shell were consulted for their approval of engagement with stakeholders. 
Their advice was not to make any contact with external organisations unless it was part of a 
larger strateg)\ This had important repercussions on the work that could be undertaken to 
date. The balance between information gathering and confidentiality requirements is a 
problem likely to arise a number of times when dealing with stakeholders. By developing 
sustainability" indicators the initial decision making process can be facilitated; particularly 
where confidentialit}" aspects prevail. The development of a compilation of indicators 
associated with the EngD work can be used to select indicators that exhibit the different 
dimensions of a product or process. However, in terms of RAIE biodiesel the indicators 
compilation has not yet been executed. It was necessar}  ^ to circumvent the confidentiality" 
issue in order to ensure that pertinent consideration was given to stakeholder concerns. 
Involvement of external parties, experienced in stakeholder relations, has been employed. 
Progress to date has been the development of a stakeholder map displayed in Figure 7.
It is important to stress that the stakeholder map in Figure 7 does not provide the exhaustive 
list. It is intended to retain a degree of flexibility to allow for further changes as the project 
progresses. The stakeholder groups in Figure 7 are those that have been developed at a broad 
level. A number of specific stakeholder groups have been identified (42 specific groups in 
total). The focus is on the UK predominantly but where available and relevant US and other 
European stakeholders are also identified. The groups highlighted within the stakeholder map 
all have a degree of influence on, or can be affected by the production of RAIE biodiesel 
(hence the use of double headed arrows). The Research Engineer has undertaken preliminary" 
engagement with certain members of the biofuel associations and academic community^ This 
was mainly used to obtain information and a clearer picture of the background to the 
stakeholder concerns. This information has been collated within a number of documents 
produced by the Research Engineer comprising a literature review, detailed explanation of the 
stakeholder map and collation of contact detail information.
Figure 7: Stakeholder Map for Rapeseed Methyl Ester (RME) Biodiesel
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The RAIE biodiesel project will progress to include detailed use of stakeholder engagement. 
The process wiU assist in identifying those groups that are of indirect concern (hence less
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identifiable from first principles). The RME biodiesel work has broadened the initial scope 
associated with the development of social indicators. Firsdy, it presented the need for 
consideration of the development of indicators in an area where stakeholder concerns had 
previously not been undertaken. The project also introduced the complexity" of stakeholder 
work and associated confidentiality" issues. The empirical work has amplified the theoretical 
work and will augment the compilation of indicators that will be available upon project 
completion.
5.3. Case Study Two: Process Focus on Sakhalin LNG Plant
Sakhalin Energy Investment Company (SEIC) Ltd. is constructing a Liquefied Natural Gas 
(LNG) facility" along the south coast of Sakhalin, Russia. The involvement with this project 
was initially to study the local labour force and identify specific skills, occupations and the 
extent to which local human resources would be available for the project. It focuses on one 
aspect of the process cycle (production) and reflects the aim of the EngD project to approach 
the issues from a life cycle perspective. Demographic information was collected along with 
information on the manpower requirements of operational facilities. This data was intended 
to provide the basic data needed to assess the impact of the project on the local labour market 
and to assist in developing a local employment and training programme. The local labour 
force inventory" could then be matched against the project requirements to assess the extent 
that these demands could be met by local sources.
The Research Engineer produced a literature review on all previous cases where work of a 
similar nature had been undertaken by industry" and the lessons learned were highlighted. 
Stakeholder identification and engagement was carried out in Sakhalin by a qualified social 
scientist from the Shell Group. The Research Engineer used the results from the literature 
review and the engagement process to identify the social indicators that were related 
specifically to work impacts; these are demonstrated in Figure 8.
Figure 8: A  Web of Indicators Related to Work Issues Rjegarding Social Impacts
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The social indicators developed to date in relation to Sakhalin are restricted to working 
practices. A development to this work is that SEIC have decided to implement the 
Sustainable Development Management Framework (SDMF) within their operational 
processes. Tlais work will provide the opportunity" to assess how the SDMF can be applied
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throughout a process operation. The Research Engineer will be involved in the ongoing work 
through collation of the information on environmental, economic and social impacts. This 
information will be used to form sustainability indicators. The involvement with the Sakhalin 
project has provided a beneficial method of initialising the development of indicators. It also 
highlighted the interactions between different indicators. The dotted lines on Figure 8 
demonstrate these linkages. This observation (in addition to the findings of the theoretical 
work undertaken, specifically the DETR indicators) led to the formation of the “web of 
indicators” theory explained in section 3.1.
5.4. Application of Case Studies to EngD Project Progression
The case studies have provided an opportunity to investigate social impacts and stakeholder 
concerns. Therefore, they are looking at very different social aspects. In addition to this, they 
are focusing at a product and process level that will have different considerations in the 
formation of sustainability indicators. They highlight issues that are not apparent from the 
theoretical work (such as the need for linkages and the difficulties associated when 
confidentiality issues are introduced). The method that the Sakhalin and RME biodiesel case 
studies contribute towards the project development is displayed in Appendix I. The diagram 
demonstrates how the work associated with the project will work towards developing a 
sustainability assessment tool. These are not the only case studies intended to be undertaken 
within the project work. To ensure the empirical work on the development of indicators 
remains representative of sustainability a number of requirements have been developed by the 
Research Engineer. These requirements are points that must be reflected within the case 
study work to ensure the sustainability indicators produced are representative of a sustainable 
organisation (with sustainable products and processes). Table 3 demonstrates how these 
requirements have been reflected within the case study work to date.
Table 3: Interpretation of a Sustainable Organisation Through the Case Studies
Sustainable Requirements Case Study One - 
Product Focus on 
RME Biodiesel
Case Study Two - 
Process Focus on 
Sakhalin LNG 
Plant
A structured company policy and strategy 
formation
/
Flexibility within the company boundaries and 
thinking in order to retain the learning process
Strong partnerships with other industry groups and 
companies
Production of products and services that present 
sustainable value
/ y
Strong, committed leadership y
Transparent with a high degree of communication / y
Competitive and commercially successful y
Socially accountable / y
Collation of information on business operation 
(development of sustainability indicators)
/ y
A holistic approach to SD - not treated within a 
piecemeal fashion
/
There are two requirements highlighted within Table 3 that are currently not reflected within 
the case studies undertaken to date. The issue of flexibility could be undertaken in future case 
study work through involvement of formation of a SD strategy, or consideration of the
2yeardisver4.doc 87
Volume III
S eptember 2001 2-year dissertation
products or service offered by the company in order to refine and focus the product portfolio. 
There is also a lack of demonstrable strong partnerships with other industry groups and 
companies. Ideally this would be achieved through the assessment and perhaps integration of 
other industry indicator sets with those developed in association with the project. These areas 
will be undertaken in future case study work to ensure the full range of sustainability 
requirements have been considered.
6. Future Work
There are a number of steps to undertake in the development of work on components of 
decision making associated with SD. The case studies and theoretical work has assisted in 
obtaining the background on the relevant issues. Despite the work being based within the 
petroleum industry the intention is that the findings wül also be applicable on a wider scale. 
Further development of sustainability indicators is the principal area for progression. This will 
be achieved through a number of ways. The Sakhalin and RME Bioïesel case studies are 
ongoing and have both amplified from their original project scope. In terms of the Sakhalin 
project, the Research Engineer will be involved with the development of sustainability 
indicators at a process level. This will require further investigation of projects of a similar 
nature in terms of the social, environment and economic impacts. The intention is to 
continue the involvement with the stakeholder engagement processes occurring in Sakhalin to 
obtain data regarding the concerns. The RME biodiesel case study wiU also require further 
inclusion in the stakeholder engagement process at a more detailed level. This will assist in 
allowing development of indicators that are representative of stakeholder concerns. It will be 
interesting to undertake a comparison of the process and product indicators that are 
developed associated with the case studies. They are both involved with social considerations 
but the difference between the two with the distinct focus on social impacts and stakeholder 
concerns will reveal different indicators. The analogies and discrepancies between these sets 
have not been investigated prior to this project. In addition, the case studies are focusing on a 
process level and a product level it wiU be intriguing to investigate how the different level of 
focus impacts on the indicators that are developed. Further case study work will also be 
undertaken, this will include a focus on product impacts and will require a comparison 
between an existing and proposed product line. This will assist in understanding how the 
social impacts and stakeholder concerns at a product level differ. It wiU also work towards the 
formation of a decision making tool associated with sustainable development.
The EngD project will require continued focus on the indicator sets that are developed by 
other groups (such as the Global Reporting Institute and the Lowell Center for Sustainable 
Production). The associated work may have important lessons to be learned that can be 
applicable to the EngD project. There will also be further consideration of the sustainability 
requirements of an industry. This is to ensure that the indicators developed remain reflective 
of sustainability (or unsustainability). This will be achieved through further reading and 
conceptualisation work by the Research Engineer. The further development of the web of 
indicators will evolve as the sustainability indicators are developed. The intention is to 
establish the sustainability impacts from the life cycle stages of the petroleum industry.
A Gantt chart for the remaining development of the EngD project is included in Appendix II. 
The chart is arranged chronologically to ensure it is comprehensible. The stages are also 
summarised in the following Table 4. The ensuing six month period is covered in some depth 
and the remaining time is abridged. Time has also been allocated for the production of two 
papers, to be submitted to relevant journals for peer review (the Journal of Cleaner 
Production and Social Indicator Review are proposed for receipt of these submissions). The 
subject matter of these articles will be on the formation of social indicators and a comparison 
of process and product level indicators.
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Table 4: Work Plan of Project
Work Description Time Allocated 
(total)
Conceptualisation Work
To include: further reading on indicator sets, production of 
document on indicators and further work on the meaning of a 
sustainable company.
41 days
Develop Indicators
To include: review of indicators in use, development of indicators 
and refining of indicators developed.
149 days
Comparison of process and product indicators
To include: write up of indicator work, report on indicators 
[milestone), sustainability indicator comparison and production of 
paper on indicators.
55 days
Conference work
To include: prepare paper for EngD conference, hand in paper 
for EngD conference [milestone), prepare poster (year 2), prepare 
presentation (year 3) and attend EngD conference
12 days
Portfolio Documentation
To include: write up of central report and work on 6 month 
reports
46 days
Case Study Work
To include: Assistance with RME stakeholder work, further case 
study work and updates to OU information on SD 
implementation
75 days
Viva work
To include: Preparation and attendance at final viva
9 days
Courses
To include: Marketing, Environmental Economics, Materials, 
Financial Management and Talking to the Media
33 days
Write up thesis 64 days
Weekly de-brief meetings with industrial supervisor every week
Supervisor meetings every two months
7. Conclusion
The main aim of the EngD project is the development of sustainability indicators. The 
intention is to use them as sustainable measures in order to move towards more effective 
decision making associated with SD. Upon project completion a compilation of indicators 
win be available for process and product levels. They wiU have been produced through a mix 
of empirical and theoretical research. To date, a structured approach to indicators has not 
been developed. The work associated will provide a significant contribution to knowledge 
through the detailed investigation of the issues associated with development of sustainability 
indicators. A great deal of theoretical work has been completed to date on the requirements 
of a sustainability indicator and a sustainable industry. Two case studies have introduced the 
empirical aspects and the work associated with these will be amplified over the remaining 
period. Other case study work will also be introduced to ensure the full breadth and depth of 
sustainability has been taken into account.
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Initial focus has been on social considerations as this has been the area that has received the 
least attention to date. Social considerations are evolving as an essential part of the need for 
SD implementation within the sponsor company, which is part of the petroleum industry. 
After events such as Brent Spar and dissidence in Nigeria the Shell Group has experience a 
value shift. The corporate centre has produced a Sustainable Development Management 
Framework (SDMF) that is viewed at the core of the company’s move towards sustainability. 
However, there is littie understanding of how to operationalise the concepts and principles 
that can be derived from it. Current work by the Shell Group is heavily focused upon the 
implementation of quantitative measures. A major contribution to the company (and the 
wider industry and beyond) will be to ascertain how the qualitative aspects can be assessed. 
The concept and process of progressing with SD and moving towards sustainability is not 
immediately apparent within the decision making process in any of today’s businesses. The 
EngD project will address this fundamental gap in our knowledge of SD and sustainability.
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Acronyms
EIA Environmental Impact Assessment
EP Exploration and Production
HSE Health, Safety and Environment
KPI (KPIs) Key Performance Indicator (s)
LCA Life Cycle Assessment
LNG Liquefied Natural Gas
OP Oil Products
OU (OUs) Operating Unit (s)
RME Rapeseed Methyl Ester
SD Sustainable Development
SDMF Sustainable Development Management Framework
SEIC Sakhalin Energy Investment Company Ltd.
SGSI Shell Global Solutions International (Shell consultancy)
SIA Social Impact Assessment
TQM Total Quality Management
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1. Introduction
The focus of this EngD project is the development of indicators of sustainable development 
(SD) for the petroleum industry. There is no internationally accepted framework to measure 
SD, nor consensus on how indicators should be developed or what they should cover 
(Bennett and James, 1998; Ditz and Ranganathan, 1998; Olsthoorn et al., 2000; Veleva and 
EUenbecker, 2000). The purpose of indicators is to summarise vast amounts of information 
into useful and understandable metrics. The following sections begin by investigating the two 
major frameworks that are currently available in order to understand what issues an indicator 
framework should encompass. There have been a number of attempts to produce an 
indicator framework but only two (the GRI and OECD attempts) have been undertaken by a 
number of organisations. An evaluation method is proposed to ensure that the indicators 
provide the decision making process with the maximum level of information. An indicator 
framework is developed taken from the perspective of the petroleum industry but intended to 
have wider application. Finally, examples of the compilation of indicators are explained and 
evaluated.
2. Existing Indicator Frameworks
Indicators are a tool to provide the decision making process with the correct level of 
information. The consideration of indicators representative of SD requires incorporating 
many issues and dimensions. In order to organise the different indicators relevant to SD, 
some kind of conceptual framework is required (Moldan and Billharz, 1997). There are a 
number of indicator sets in existence at a variety of levels ranging from local to international 
but with litde standardisation (Bennett and James, 1998; Ditz and Ranganathan, 1998; 
Olsthoorn et al., 2000; Veleva and EUenbecker, 2000). Each of the indicator sets has its own 
purpose and intended area of influence. Indicator sets in existence tend to be based on one of 
two distinct frameworks, the OECD (government based) or the GRI (industry based). A 
number of variations of these frameworks have been developed (to a lesser degree of success), 
as these two form the backbone of many indicator sets it is important to investigate them 
fuUy. Looking at each of these frameworks (and some of their variants) assists in 
demonstrating the differences in the frameworks and highlights possible areas for 
improvement.
The pressure-state-response framework was adopted by the Organisation for Economic 
Cooperation and Development (OECD, 1991). The OECD set has become a “classical” one 
it is used as a starting point for many organisations developing their own indicators. The 
framework has also been widely used by a range of groups such as the Scientific Committee 
on Problems of the Environment (SCOPE), the UK and Norwegian governments and a 
number of industrial organisations. The PSR framework provides a useful way of organising 
information about indicators (Toman et al., 1998). Pressure refers to the human activities that 
exert a pressure on the environment and change its quaUty and the quantity of natural 
resources (the state). Society responds to these changes through the environmental, general 
economic and sectoral poUcies (the response). The latter forms a feedback loop to pressures. For 
example, emissions of SOx and NOx are designated as pressures whUst the concentration of acid 
precipitation (pH, SO4, NO 3) constitutes the state. FinaUy, expenditure for air poUution 
abatement is the response that loops back to the pressure.
Despite the wide usage of this framework there are a number of difficulties associated with it. 
Research has demonstrated that the framework faUs to take into account system relationships
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and dynamics (Bossel, 1999; Lenz et al., 2000; Hodge, 1997). For example, impacts in one 
causal chain can be pressures plus states and vice versa. The synergistic and antagonistic 
effects of the pressures and impacts are not considered.
There have been numerous attempts to further elaborate the PSR framework. The United 
Nations Commission on Sustainable Development (UNCSD) replaced the concept of pressure 
by that of driving forces in an attempt to accommodate more accurately the four indicator 
categories of social, environmental, economic and institutional indicators (Moldan and 
Billharz, 1997). Within each category the indicators are arranged by issues corresponding to 
one or several chapters of Agenda 21. The driving force indicators represent human activities, 
processes and patterns that have an important impact on SD. The United Nations indicator 
set is one of the few examples where there is inclusion of variables that are not yet being 
measured, such as poverty alleviation and human settlement (Sustainable Development 
National Research Council, 1999). This demonstrates its strength through recognition of the 
fact that certain issues remain unclear and yet require assessment in relation to SD.
Indicator frameworks and sets to date have predominantly been produced at the national level 
by government organisations. Increasingly industry is looking to include indicators within 
their decision-making processes. The Global Reporting Initiative (GRI) has developed a 
framework intended to allow them to fulfil this. The intention of the GRI is to disseminate 
globally applicable reporting guidelines for voluntary use by organisations reporting on the 
economic, environmental and social dimensions of their activities, products and services (GRI, 
2000). The framework is divided into three sections: categories, aspects and indicators. Categories 
are the broad areas or groupings of economic, environmental or social issues of concern to 
stakeholders. Aspects are the general types of information that are related to a specific category 
(for example, greenhouse gas emissions and donations to host communities). A category may 
have several aspects. An aspect may have several indicators. The indicators are defined by the 
GRI as the specific measurements of an individual aspect that can be used to track and 
demonstrate performance. The guidelines present two types of indicators: generally applicable 
and organisation specific. The GRI framework allows for greater flexibility and allows the 
linkages between the different indicators to be incorporated. The PSR framework does not 
possess the same level of flexibility.
The GRI guidelines provide a valuable common reporting framework for sustainability. 
Veleva and EUenbecker (2000) outlined how twenty-one corporations tested the guideUnes. 
The conclusions were that the GRI had insufficient guidance, indicators without clear business 
value and burdensome reporting requirements. The foundation on stakeholder concerns 
meant the work was heavUy driven by external perceptions of industry. This makes the GRI 
appUcabiUty Umited in terms of internal decision-making. Work by the Eco-Management and 
Auditing Scheme (EMAS), International Standards Organisation (ISO) and the World 
Business CouncU for Sustainable Development (WBCSD) have aU attempted to deal with 
internaUy oriented performance management. However, these examples do not deal 
adequately with social issues (or product sustainabiUty).
The frameworks that exist for indicators of sustainable development present a number of 
learning points. The summary of existing frameworks demonstrated that they lack 
standardisation, do not encompass all aspects of SD (the economy, environment and society) 
and ideaUy need to be appUcable in terms of internal and external decision making processes. 
A framework, process and criteria for finding an adequate set of indicators are needed (Bossel, 
1999). A certain perspective or viewpoint should be used to ensure the indicators remain 
focused and relevant. The perspective in this instance is taken as being from the petroleum 
industry. The GRI framework from category through aspect to indicators appears to be the 
most applicable produced to date. However, there is room for improvement through the 
allowance for the indicators to be used for internal decision-making process, not simply
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external communication. A method by which the indicators can be evaluated appears to be 
missing from all the frameworks that have been developed to date.
3. Indicator Evaluation
The indicators developed must display certain characteristics. If they do not, the indicators 
are in danger of being unnecessary pieces of information with no application. The 
characteristics are the features or qualities that distinguish certain pieces of information into 
being suitable indicators of sustainable development. Table 1 provides a list of characteristics 
that have been compiled from research available in the field (particularly Meadows, 1998 and 
Moldan and Billharz, 1997).
Table 1: The Characteristics of Indicators
Physical Money and prices are inflatable, slippery and unstably 
exchangeable.
Hierarchical A user should be able to delve down to detail if desired but 
also obtain the general message quickly.
Supplementary A user should be provided with information on issues that 
they cannot measure for themselves (such as radioactive 
emissions).
Appropriate in 
scale
Not over or under aggregated.
Democratic People should have input to indicator choice and have 
access to the results.
Participatory People should be able to measure indicators for themselves; 
measurement should not be based on obscure issues.
Verified The homogeneity of interpretation can be assured through 
the use of external verification.
Simple Information should not be overly complicated. Indicators 
should be useful to aU stakeholders.
Sensitive The indicators must reflect any changes in issues 
effectively.
Leading Information must be provided in time to act on it.
Timely The information should not take too long to collate.
Sufficient There should not be too much information to comprehend 
yet information should not be too little to give an adequate 
interpretation of the issue.
Tentative The indicators should be available for discussion, learning 
and change.
Communicative Indicators should provide information to all stakeholders 
and be easy to understand.
Economical The collection of indicators should balance the information 
requirement with the available resources.
Relevant Indicators must remain relevant to the issue it depicts.
Reliable The information collected should come from reliable 
resources.
Each indicator can be assessed based on these characteristics in order to affirm whether the 
indicator is suitable or not. The characteristics have been placed in a matrix similar to ones 
produced for risk assessment, demonstrated in Table 2. When indicators have characteristics
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that can be graded within the dark grey boxes of the matrix the indicators can be interpreted 
as inappropriate for use. The matrix demonstrates that certain characteristics are mandatory 
for indicator sets such as: communicative, economical, relevant and reliable; other 
characteristics allow for a more flexible response (for example physical, hierarchical and 
supplementar\J. Ideally indicators should possess a minimum of four characteristics. A 
complete indicator set should have 10 characteristics within the first column (“meets the 
characteristic ver\’ well”) as an average. The indicators developed should rank within the 
white or light grey boxes. The use of the matrix should counteract any difficulties that may 
arise due to subjectivity. The matrix is designed to be used by anybody dealing with indicator 
development and assessment. Each indicator should be evaluated against the characteristics in 
the matrix. This will ensure the indicators utilised within decision-making processes are 
effective.
Table 2: Indicator Matrix for Evaluation
decreasing suitability
Indicator
Characteristics
meets the 
characteristic 
very well
meets the 
characteristic
likely to meet the 
characteristic
can be changed 
to meet the 
characteristic
does not meet 
the characteristic
Physical
Hierarchical
Supplementary
Approp. in scale
Democratic
Participatory
Verified
Simple
Sensitive
Leading
Timely
Sufficient
T entative
Communicative
Economical
Relevant
Reliable
To demonstrate how the evaluation framework can be used two examples of social indicators 
are contained in Figure 1.
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Figure 1 : Evaluation of Indicators By the OECD and GRI
decreasing suitability
decreasing sultabiHty
OECD: Expenditure for air pollution abatement GRI: Customer satisfaction levels
The OECD social response of expenditure on air pollution abatement and the GRFs indicator 
of customer satisfaction level are evaluated. The indicators have been assessed from the 
perspective of the petroleum industr}" to demonstrate how existing indicator sets would not be 
applicable on this industrial scale. The main area of difficulty associated with the OECD 
indicator is that it relies on an economic value (expenditure) to represent a social issue 
(pollution abatement); this is not a relevant interpretation. An economic measure can be 
manipulated fairly easily. The fact that money is spent on an issue does not mean the issue 
will improve. The GRI indicator on customer satisfaction also has characteristics within the 
dark sections mainly because it would require costly data collection and interpretation. It is 
also unlikely to provide a definitive result, as tlie interpretation of the indicator will vary upon 
the size and culture of the sample population. Both indicators were developed to be used by 
industrie The OECD indicator was part of a hierarchy of indicators whilst the GRI example 
was not. By interpreting them from the perspective of the petroleum industr)" it is possible to 
highlight that in this context the indicators are not suitable. There are fundamental difficulties 
with using these indicators, for example using cost to denote a social issue. It would appear 
that these indicators would not be appropriate for a wide range of industrial contexts. 
Therefore, this project has developed an indicator framework applicable to the development 
of suitable indicators. This has initially been taken from the perspective of the petroleum 
industn" in order to demonstrate its usage but the basic principles are applicable to a much 
wider context.
It is not effective to develop exhaustive lists of indicators. Indicator availability is no longer 
the important issue in relation to indicator development; it has shifted to indicator suitability  ^
(Wehrmeyer et al., 2001). The indicators must reflect a number of levels within the 
organisation: operational, product and process. In the case of the Shell Group the indicators 
developed must be based on the sustainability principles that derive from the Sustainable 
Development Management Framework (SDMF) and the meaning of SD and sustainability to 
the organisation^ The indicators produced should then retain applicability for both internal 
and external decision making processes. Figure 3 demonstrates how the indicator framework 
can be interpreted for use within all organisations.
’ The SD M F and the meaning of SD and sustainability are explained in more detail within the Septem ber 
2001 dissertation.
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Figure 3: The Indicator Framework for Industry
Concept i=3> Criteria i= |>  Indicators
/  \
Existing management 
frameworks (e.g. 
SDMF)
Definition of SD and 
su.stainability to the 
organisation
/  t \
Operational
The principles that guide the progress towards 
sustainability o f the organisation (e.g. HP 
sustainability principles)
The framework is similar to the GRI approach of category, aspect and indicator. However, the 
inclusion of concept allows for more focused consideration of SD and sustainability thereby 
making it more applicable for industrial systems. Concept refers to the basis of SD within the 
organisation. This could be through a vision statement, plan or management framework. 
Bossel (1999) noted that indicators may be different but if based on the same principles it is 
likely that sustainability  ^assessments will produce comparable results. The inclusion of criteria 
is important as it allows for a degree of interpretation between different indicator sets to be 
made. The criteria constitute principles of working life that are key to the progression of the 
organisation towards SD. In the context of this project the criteria have been taken as being 
the sustainability principles developed by the Exploration and Production (EP) section of the 
Shell Group. The principles were developed to ensure integration of the environment, 
economy and society to balance short term wants with long term needs. The principle “use 
resources efficiently” encompasses all aspects of SD and sustainability as it can refer not just 
to natural resources, but also human and economic. The two principles of “maximise benefits 
to the community’” and “engage and work with stakeholders” both deal with the relationship 
between the industiy  ^and society  ^ “Respect and safeguard people” deals with social concerns 
whilst “minimise impact on the environment” relates to the environment. Finally, “ maximise 
profitability” represents the economic focus for the sustainability  ^principles. The indicators are 
developed for a variety  ^ of purposes. Organisations that form part of a supply chain face an 
important challenge as reporting may require addressing the total life cycle impact of the 
product or process. Azapagic and Perdan (2000) noted that most of the frameworks 
produced to date recognise the importance of life cycle considerations but boundaries of the 
studies tend to be at the manufacturing site. Witliin the petroleum industiy there exists an 
interesting consideration in that the entire supply chain tends to be contained within a single 
organisation; therefore, reporting requirements are comprehensive. It also poses a unique 
opportunity to ensure that the fuU “cost” of a product or process is assessed within the 
development of indicators. The operational indicators present a more substantive 
consideration of the industiy's operations as whole.
4. Compilation of Indicators
There are four major challenges in developing indicators of SD:
1. I low to encompass all aspects of sustainability;
2. How to accommodate a wide range of projects;
3. How /  what to measure current position;
4. How /  what to measure progress.
The first question has been approached by providing a structure and framework to the 
indicator selection process through the use of the sustainability principles. Secondly, the need 
to accommodate a wide range of projects is undertaken by developing indicators on a number 
of levels. Indicators will be developed on a process, product and operational basis. The 
indicators presented in the following sections are the initial collection they will be added to as
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the project progresses. The indicators have been selected taking into account the case study 
work that has been undertaken, more specifically the work associated with a LNG plant in 
Sakhalin. The indicators are based on the framework and use the sustainability principles to 
denote the criteria. The fact tliat the Sakhalin project is a new development led to the 
conclusion that it would also be useful to allow an established production site to have input to 
the indicator selection process. The environmental manager of the Stanlow manufacturing 
complex (a site for oil refining and chemical production; one of the largest refiner)? sites in 
Europe) was also given the opportunity to view the initial indicators and provide feedback. 
The following sections are organised according to the sustainabilit)" principles. The indicators, 
evaluation matrices and comments from Sakhalin and Stanlow are included to demonstrate 
how the indicators are being developed and refined.
4.1. Criteria 1: Use Resources Efficiently
SDI: The number of years of oil or gas available for extraction
As with all sustainable development ---------------
indicators (SDIs) they must be 
communicative to all interested parties.
Therefore, it is important to use 
representative measures. The number of 
years remaining for extraction is more 
informative than a figure on the amount of 
oil or gas available that would not 
necessarily be understood by all interested 
parties.
An indicator that is closely related to this is 
the average daily extraction rate. This 
indicator will be developed and evaluated 
in the future
d e c r e a s in g  su itab il ity
In d ica to r
C h a ra c te r is t ic s
meets the 
characteristic 
very well
meets the 
characteristic
likely to meet the 
characteristic
can be changed 
charactenstic
does not meet 
the characteristic
Physical X
Hierarchical X
Supplem^itary X
Approp. in scale X
Democratic X
Participatory X
Verified X
Simple X
Sensitive X
Leading X
Timely X
Sufficient X
Tentative X
Communicative X
Economiced X
Relevant X
Reliable X
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SDI: The average hours spent by employees on training each year
Resources do not just include those that — decreasing suitabimy
are natural such as air, water or land. It is 
also important to incorporate an 
assessment of human resources that are 
utilised within the process operation.
There are many methods of measuring an 
efficient workforce such as satisfaction 
levels. A more quantitative measure can 
be obtained by focusing on the level of 
training received. The Gallup organisation 
in 1998 conducted a survey on job 
training. The results showed that 
employees not only enjoyed being trained, 
but also were more satisfied with their 
employer when training opportunities 
were made available to them. A workforce 
that has the correct level of training is 
likely to be safer and more contented.
Communicative
can be changed 
to meet the 
characteristic
the characteristic
4,2. Criteria 2: Respect and Safeguard People 
SDI: The current number of employees
The number of employees will highlight 
changes that occur when the process 
changes from construction to operation.
The number of employees will be 
significantly lower when a process 
becomes operational as opposed to its 
construction period. Tliis can have 
significant implications for tlie local 
community (the boom and bust scenario) 
and a method of realising the change in 
employee level should help identify the 
level of impact on the local community?.
d e c r e a s in g  su itab ility
SDI: The average working day for employees
Excessive and insufficient working hours 
can have a negative effect on employee 
morale and efficiency. The average 
working day is a good indicator of the 
level of workload placed upon each 
employee. The indicator should be 
available from work rosters. The indicator 
will be linked to health and safety issues 
associated with employees.
In d ica to r
C h a ra c te r is t ic s
meets the 
characteristic 
very well
meets the 
characteristic
likely to meet the 
characteristic
can be changed 
characteristic
does not meet 
the characteristic
Physical X
Hterarchica! X
Supplementary X
Approp, in scale X
Democratic X
Participatory X
Verified X
Simple X
Sensitive X
Leading X
Timely X
Sufficient X
Tentative X
Communicative X
Economical X
Relevant X
Reliable X
d e c r e a s in g  su itab il ity  ^
in d ic a to r
C h a r a c te r is t ic s
meets the 
characteristic 
very well
meets the 
characteristic
likely to meet the 
characteristic
can be changed 
characteristic
does not meet 
the characteristic
Physical X
Hierarchical X
Supplementary X
Approp. in scale X
Democratic X
Participatory X
Verified X
Simple X
Sensitive X
Leading X
Timely X
Sufficient X
Tentative X
Communicative X
Economical X
Relevant X
Reliable X
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4.3. Criteria 3: Minimise Impact on the Environment 
SDI: The frequency of emissions testing every month
The testing of emissions is a very -----
important process within the petroleum 
industry as it deals with a number of 
noxious substances. The level of testing is 
an important indicator of the health and 
safety level in place within the process and 
also highlights whether any problems have 
been identified. For example, a process 
with an increased level of testing could be 
due to more complaints or employee 
concerns.
d e c r e a s in g  su itab il ity
I n d ica to r
C h a ra c te r is t ic s
meets the 
characteristic 
very well
meets the 
characteristic
likely to meet the 
characteristic
can be changed 
characteristic
does not meet 
the characteristic
Physical X
Hierarchical X
Supplementary X
Approp. in scale X
Democratic X
Participatory X
Verified X
Simple X
Sensitive X
Leading X
Timely X
Sufficient X
Tentative X
Communicative X
Economical X
Relevant X
Reliable X
4.4. Criteria 4: Engage and Work With Stakeholders 
SDI: A plan for stakeholder dialogue is in place
One of the key requirements of SD and 
the sustainability? principles is to 
communicate with stakeholders.
Therefore, a process must have at least a 
plan for stakeholder dialogue in place.
This plan should consist of stakeholder 
identification, engagement and there 
should be procedures in place for feedback 
mechanisms to allow for stakeholder input 
to the decision-making processes.
d e c r e a s in g  su itab ility
In d ica to r
C h a ra c te r is t ic s
meets the 
characteristic 
very well
meets the 
characteristic
likely to meet the 
characteristic
can be changed
characteristic
the characteristic
Physical X
Hierarchical X
Supplementary X
Approp. in scale X
Democratic X
Participatory X
Verified X
Simple X
Sensitive X
Leading X
Timely X
Sufficient X
Tentative X
Communicative X
Economical X
Relevant X
Reliable X
In d ica to r
C h a ra c te r is t ic s
SDI: The frequency of meetings (each year) between the company and local
community
Associated with stakeholder dialogue it is ---------------decreasing suitabmty --------
important that the company maintains a 
close relationship with its local 
community. The Seveso Directive 
82/501/EEC made requirements that the 
local community should have information 
on what to do in the case of emergency.
This requires a minimum level of contact 
of one meeting per year.
Communicative
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d e c r e a s in g  su itab ility
4.5. Criteria 5: Maximise Benefits to the Community
SDI: The number of employees that have been employed from a 30-mile radius to the 
process
When providing benefits to the 
community one of the principal methods 
for achieving this is through providing 
financial gains and employment to the 
region. A risk of specialised industries is 
that operation sites are developed and 
employment is given to highly trained 
individuals that are brought to the site by 
the company. Investment in training 
members of the local community has often 
been limited. Therefore, financial gains to 
the local community are reduced. This 
indicator is related to the level of 
employment that individuals from the 
local area have been employed to (e.g. 
cleaner, office manager or supervisor 
and so on). This indicator will be 
explored in more detail in future work 
associated with this project.
SDI: The percentage of all suppliers that come from the local area (radius 30 miles)
Using local suppliers for products (where ----------decreasing suitabmty
available) can increase financial gains to 
the region. Indirect job creation and 
increased demand for local businesses can 
help encourage the financial resources of 
the local community.
In d ica to r
C h a ra c te r is t ic s
meets the 
characteristic 
very well
meets the 
characteristic
likely to meet the 
characteristic
c ^  be changed 
characteristic
the characteristic
Physical X
Hierarchical X
Supplementary X
Approp. in scale X
Democratic X
Participatory X
Verified X
Simple X
Sensitive X
Leading X
Timely X
Sufficient X
Tentative X
Communicative X
Economical X
Relevant X
Reliable X
In d ica to r
C h a ra c te r is t ic s
meets the 
characteristic 
very well
characleristic
likely to meet the 
characteristic
can be changed 
characteristic
the characteristic
Physical X
Hierarchical X
Supplementary X
Approp. in scale X
Democratic X
Participatory X
Verified X
Simple X
Sensitive X
Leading X
Timely X
Sufficient X
Tentative X
Communicative X
Economical X
Relevant X
Reliable X
d e c r e a s in g  su itab ility
4.6. Criteria 6: Maximise Profitability
SDI: The level of investment required by the Shell Group or majority partner to
maintain the licence to operate
A company must maintain profitability for 
operation to be worthwhile. When a 
process site is initiated the level of 
investment is likely to be significant. In 
the petroleum industry? a process site is 
likely to be controlled by a joint venture of 
a number of organisations. If this is the 
case the level of investment by the 
majority partner would be of relevance as 
it is most likely to reflect the changing 
needs of the process site. Other 
companies may invest more or less 
depending on their level of shares and
in d ic a to r
C h a ra c te r is t ic s
characteristic 
very well
meets the 
characteristic
likely to meet the 
characteristic
can be changed 
to meet the 
characteristic
does not meet 
the characteristic
Physical X
Hierarchical X
Supplementary X
Approp. in scale X
Democratic X
Participatory X
Verified X
Simple X
Sensitive X
Leading X
Timely X
Sufficient X
Tentative X
Communicative X
Economical X
Relevant X
Reliable X
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depending on the individual circumstances 
of their business as a whole.
SDI: The price (e.g. per barrel) of the product
In order to maximise profitability there 
must be a marketplace for the commodity- 
produced. This will be reflected in the 
price that can be obtained for the product.
If demand is high but the resource is 
scarce the price is likely to rise. On the 
other hand if the resource is high and 
demand for the product is low the price 
will decline.
d e c r e a s in g  su itab il ity
In d ica to r
C h a ra c te r is t ic s
meets the 
characteristic 
very well
meets the 
characteristic
likely to meet the 
characteristic
can tie changed 
characteristic
the characteristic
Physical X
Hierarchical X
Supplementary X
Approp. in scale X
Democratic X
Participatory X
Verified X
Simple X
Sensitive X
Leading X
Timely X
Sufficient X
Tentative X
Communicative X
Economical X
Relevant X
Reliable X
The Stanlow manufacturing complex reviewed the indicators developed to date. They 
identified that they already collected information on a number of them: training, employment 
levels, emissions, local community? involvement and investment. For some of the other 
indicators they were unsure of the value that tliey could gain from them particularly the oil 
reserves, land use and price of the product. They felt they constituted indicators that were of 
more use at an operational level that studied the Shell Group as a whole, rather than individual 
process sites. The Stanlow approach tended to view the indicators from a perspective of 
reflecting what they were already doing (not as an opportunity^ for discovering what they 
should be measuring). A number of aspects of sustainable development (including 
stakeholder engagement) they felt were not “within their role”. These areas were understood 
as being undertaken by the corporate centre of Shell and there was limited understanding of 
the applicability to the individual process site. A number of responses such as this lead to the 
conclusion that there will need to be a certain level of increasing tire understanding of what 
SD is; and what it means to the process sites. At present their immediate reaction is to assume 
it is all being handled within the corporate centre of the Shell Group. The indicators where 
Stanlow highlighted confusion over whether they should be concerned will need to have a 
more detailed level of explanation associated with them.
The Sakhalin LNG plant is a new development, it is still within the development phase and all 
the indicators were felt to be of relevance. In particular, those that dealt with the interaction 
the site would have with the local community. Its location (an island to the south east of 
Russia) leads to a number of social and cultural considerations. Those involved with SD for 
the Sakhalin site view the development of indicators as being the most difficult area of SD. 
riie effective measurement of the changes that are likely to happen on the local communities 
(possible issues such as “boom and bust” and changing the living conditions and expectations 
of the local community?) are seen as being very problematic that will require a number of 
indicators to reflect and effectively manage the situation. The Sakhalin site felt that the 
consideration of a local area at a radius of 30 miles may have to be expanded for application 
to their process site. Geographic variations will ideally need to be taken into account in the 
final indicator compilation to allow for effective measurement of those sites that are located in 
more remote areas. Both process sites were keen to see how the indicators would develop. 
They will be involved as the indicators evolve to provide feedback and apply the indicators 
within their decision-making processes in order to achieve practical application of the 
compilation of indicators.
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5. Conclusion
The indicators presented within this report provide an initial set towards the compilation of 
indicators of SD. The indicators when applied to the evaluation matrix have all corresponded 
to the white or light grey boxes and so it would appear they would all have use within today’s 
petroleum industry. However, the facilities for feedback from two process sites have 
presented a number of learning points for indicator development. Firstly, it wiU be useful to 
have a detailed level of explanation associated with a number of the indicators that will 
highlight exactly how particular issues are of concern to individual process sites, not just to the 
Shell Group as a whole. In addition, there will need to be allowances for geographical 
variation within the indicators (for example, a variable amount for defining the local area). 
The interaction between society and the industry was viewed by the process sites as being the 
most problematic (particularly the case with Sakhalin). In developing the indicators it was 
found that consideration of economic concerns was difficult as the inclusion of physical 
measurements was very difficult. When dealing with economic issues the initial thought is to 
include issues such as price. However, this is an unstable measure and prone to external 
changes (such as GDP). It is also more likely to allow for manipulation of the figures; 
therefore, it does not provide a solid basis for an indicator. The evaluation matrix should 
ideally be used to assess the indicators periodically (perhaps every year) to ensure the 
indicators remain useful to the decision making process. This is particularly the case when 
considering characteristics such as “verified” and “democratic” which are likely to change 
over time.
The inclusion of the feedback from process sites has been invaluable in highlighting a number 
of issues that may otherwise have gone unnoticed. Attention will continue on developing the 
indicators with the input from the process sites. This will include developing the indicators 
that were highlighted within the report for further attention. In addition work will commence 
on developing indicators that reflect the product considerations for sustainable development. 
The use of the framework, evaluation matrix and input from key individuals and process sites 
wiU assist in ensuring the indicators are of optimum benefit to the decision making processes 
of the petroleum industry.
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1. Introduction
The EngD project is investigating components of decision-making associated with sustainable 
development (SD). The specific area that the project focuses upon is sustainability indicators. 
The indicators are being developed for the process and product level areas of the petroleum 
industry. The work to date has focused upon the process level considerations with attention 
placed on the LNG site in Sakhalin. Attention over the next 6 months (and beyond) has now 
extended to include focus on the product level indicators. The work that is being undertaken 
to achieve this is explained in more depth within Section 3.5 of this document. Section 3.5 
includes information on the involvement with further case studies that present a significant 
contribution to knowledge associated with this project and the focus of the project work, the 
petroleum industry. This does not mean that the process side of indicator development is 
seen as completed. Work wiU continue on this aspect of the project towards the end of 2002 
and more information on this will be included within the next 6-month report. In addition to 
the development of sustainability indicators work will also begin on applying the indicators 
within a decision-making tool.
This report also contains an outline of the areas in which further research and investigations 
are currently underway. One area focused upon is the meaning of the term “value” which is a 
commonly used term in association with SD. The exact meaning and justification for the use 
of this term is rarely undertaken within available literature. It represents a central issue to SD 
and the use of value can symbolise a number of meanings. It is important to explain what the 
term means in regards to this project and the broader context of SD. This is a complex area, 
but the basics are introduced within this report and explained in detail within the central 
report of the portfolio. Work has also begun on detailed understanding of how sustainability 
indicators are used within industry. This has started by focusing on the use within external 
publications, specifically sustainability reports. The work will continue on this subject and 
expand to investigate how indicators are also used for internal purposes. Detailed time plans 
for the next 6 months are included to present how the work on case studies, attendance at a 
number of conferences and theoretical work will interact and work towards the EngD 
project’s main aim. The intention of the main aim is to develop indicators to be used as 
measures in order to move towards more effective decision-making associated with SD.
2. Background
The EngD project recently completed its halfway point through the successful submission of 
a dissertation and attendance at a viva (oral examination). In order to clarify the work 
undertaken to date and ensure progress retains its focus and drive it is important to 
understand what work has been completed to date and how the different aspects of work 
interact. In order to achieve this Figure 1 has been compiled to demonstrate how the reports 
produced interact to comprise the final portfolio for the EngD project. It is also useful to 
produce a diagram of this kind to identify whether there are potential gaps within the portfolio 
work to date. One area where more work would be beneficial would be on the literature 
review. An additional literature review investigating and explaining the use of decision-making 
(particularly in relation to SD) would prove an important addition to the portfolio. This 
review has; therefore, been identified for attention during 2003. The reports shown in Figure 
1 do not demonstrate the definitive list of the portfolio; additional reports on case studies, 
conference papers and additional 6-month reports will be completed prior to project 
completion.
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Figure 1: The Structure of The EngD  Portfolio to Date
Case Study Work
“Labour Baseline Assessment”
{SII131200.doc)
December 2000
Literature Review for Sakhalin project that investigates 
projects where social impacts have been identified by 
the petroleum and mining community, includes ^  ,  
investigation of issues such as training, working \  
practices, migration and expectation of local \
community. '
Biofuel Literature Review 
September 2001
This work was undertaken as part of a project on the 
assessment of sustainability of Rapeseed tVlethyi Ester 
(RME) biodiesel. The report is a literature review of 
the social impacts regarding development of a RME 
biodiesel market.
Stakeholder Map for RME Biodiesel 
September 2001
This report presents work on stakeholder identification 
for RME biodiesel work, it includes information on the 
definition of a stakeholder, explanation of stakeholder 
involvement, stakeholder identification and a 
stakeholder map. .
6 Month Reports 
6 Month Report 
April 2000
Progress report including an overview of the project plan 
which covers work on LCA, stakeholder involvement and 
other tools of decision making processes. It also provides an 
overview of sustainable development within Shell.
6 Month Report 
'  S ep tem ber 2000
Overview of project work to date including an introduction to 
Sakhalin case study work, work on key performance 
indicators by Shell and the Sustainable Development 
Management Framework. Within appendices there are two 
further reports:
• Sustainability across the process chain (see conference 
papers' section);
I • What is a sustainable oil company?
\  6 Month Report
'April 2001
Update on project work including more detail on Sakhalin 
work incorporating information on geography, history, 
economy, employment. Pius overview of issues for 
consideration such as low level of public activism and land 
management. More information on sustainable development 
and Shell plus introduction of web of indicators. Within the 
appendix there is a further report;
• Report on Social impact Assessjgent (SIA) Prepared for 
Shell Global Solutions
I ts includes compilation of indicators and tackles som e of the fundam entals of the
C 6 n t r 3 l  n G p O r t  I project to a  detailed level (e.g. the m eaning of certain terms).
Literature Review
“Components of Decision 
Making Associated With 
Sustainable Development:
Life Cycle Assessment”
April 2000
Tfiis literature review is the first 
stage of a project investigating the 
different components that aid 
decision making for sustainable 
development. This review 
investigates the use of LCA and the 
extent to which the economy, 
environment and society are 
included within current assessments, 
it concludes with a call for more 
standardisation of procedures. The 
review also highlights the difficulty 
with using the procedure within the 
petrochemical industry when there Is 
an omission of health and safety 
aspects.
Conference Papers
Sustainability Across the 
Process Chain
September 2000
Paper submitted In association with 
a presentation at the Environmental 
Technology conference at Brunei 
University, September 2000
Identification and 
Development of Indicators in 
the Process Industry
October 2001
Paper submitted in association with 
a poster presentation at the 
Environmental Technology 
conference at Surrey University, 
January 2002
Dissertation Work
Dissertation
September 2002
A document summarising the work 
to date and of the future for the 
EngD project. The report includes 
an explanation of the meaning of SD 
and sustainability, an overview of 
sustainability indicators and the 
petroleum industry, in addition there 
is an explanation of social indicators. 
Brief overviews of the work in 
Sakhalin and on RME biodiesel are 
also present.
'Sustainable Development 
Indicators: A Framework and 
Methodology
December 2002
includes information on existing 
indicator frameworks, how to 
evaluate indicators and introduces 
the compilation of indicators.
= incorporates similar information = closely linked reports
The central report will contain tlie compilation of indicators and will be used to introduce 
each of the five sections to the portfolio; case study work, literature review, conference papers, 
dissertation work and 6 month reports. Each of these sections contains a number of reports 
(to re-iterate those presented in Figure 1 are not provided as a definitive list — merely as a 
guide for this point in the project’s progression) that deal with the specifics of certain subjects 
(case study work and litereature review) and also general project overviews (6 month reports, 
conference papers and dissertation work). The central report is the main source of
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information for the project with the additional sections provided for the portfolio reader who 
is looking to explore certain issues or the project’s progression in more depth. The central 
report will ensure the reader can obtain a deeper understanding of some of the underlying 
issues, the background and purposes of undertaking the project work in addition to the results 
and findings of the project as a whole.
3. Work To Date
The last 6-month report was represented by the two-year dissertation. This document was 
submitted in September 2001 and a viva accompanied its acceptance by external examiners. 
The dissertation within this EngD portfolio is accompanied by the document “Sustainable 
Development Indicators: A Framework and Methodology”. This report was submitted as an 
extension to the 2-year dissertation in December 2001. The report includes work on existing 
indicator frameworks, a method of indicator evaluation and the initial stage of the indicator 
compilation (which is expanded in more depth within the central report). Work has also gone 
into expanding certain areas of the central report by investigating certain definitions and 
issues. A brief overview of this work is included in the following sections to demonstrate 
progress.
3.1. The Meaning o f ‘Walue”
The term “value” is frequently used in association with sustainable development (SD) and 
sustainability. It is a term that can be construed in different ways. When studying the 
references used in association with this EngD project the contrasting meaning and use of the 
term is quickly apparent. For example, the paper “Using Stakeholder Values to Make Smarter 
Environmental Decisions” (Gregory, 2000) compared with “Does Sustainable Development 
Deliver Shareholder Value?” (Kleiburg, 2000). A reference where the term is used to denote 
two very different concerns is in “Beyond the Numbers: How Leading Organisations Are 
Linking Values With Value To Gain Competitive Advantage” (KPMG, 2000). This particular 
report includes statements such as:
“. ..They are creating a new type of competitive advantage ly linking value and values,
to position themselves as companies of choice... ” KPMG, 2000 (page 2)
It is not possible to understand what this statement means without an understanding of what 
the terms “value” and “values” are actually referring to. Despite coming from a leading SD 
consultancy this fundamental issue of dealing with SD and sustainability is not approached or 
explained in any way this leads to a confusing and apparently superficial treatment of the 
subject. Many business decisions are ethical decisions involving “values”. They have a basis 
in some understanding of what ought to be done meaning what is “right” and what is 
“wrong”. A purely economic perspective pursues profit maximising objectives. The belief is 
that once these are achieved the social and larger economic interests of aU will be served. This 
perspective is that business management engages not only the interests that are specific to the 
firm, but also engages interests and issues that have implications beyond the profit 
maximisation goal of investors. In this way, it is claimed that the firm has social 
responsibilities. This outlook on the interaction between business and society suggests that 
business imposes values upon society through economics. There are obvious problems with 
looking at values from this perspective. A preferable viewpoint is that the consumer, and 
hence society, possess the values that are then imposed on the companies by their purchasing 
powers. If consumer values are guiding today’s businesses and the treatment of SD and 
sustainability, it is important to understand how society derives its “values”. This is a complex 
area, and wiU require further investigation and explanation that will be incorporated within the 
central report of the portfolio. An introduction to the work on “value” is explained in the
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following sections. Explanation of society’s values can be separated into two ethical 
frameworks of teleological (consequentialist) and deontological ethics.
3.1.1. Teleogical (Consequentialist) Ethics
Teleological (consequentialist) ethics propose that judgements are based on thinking through 
the consequences of our actions and doing what in the end we believe will bring about the 
greater good. The basic thinking behind teleological ethics is that the purpose of moral 
judgement is to bring about what is good in the world, and avoid what is bad or evil. There 
are two consequentialist ethical theories: ethical egoism and utilitarianism. The egoism or self- 
interest perspective assumes that individuals and businesses have an obligation to guide their 
conduct by a rational calculation of one’s own interests. Therefore, in business terms this 
would follow that profit maximisation (economic value) is paramount to the firm. Egoism 
ethics framework is explained within work by Milton Friedman (1962). The alternative view 
of the utilitarian will claim that the moral status of what we do is determined by the 
consequences of what we do. One’s own interests, or the interests of people within one’s own 
social group, should not be a favoured status over the interests of others. When a decision 
harms the greatest number of people involved, it is “wrong”. Individuals sacrifice their 
personal interests when these do not serve the general welfare. Classical utilitarians such as 
Jeremy Bentham (1782 — 1832) and John Stuart Mill (1806 — 1873) argued that the proper 
moral criterion was happiness, and that happiness could be understood by the presence of 
pleasure and the absence of pain. This leads to an additional question as to what is meant by 
pleasure and pain and these terms are never made clear in the available texts. Therefore, the 
suitability and specific meaning behind this term and the use of utilitarianism is not clear. 
Modern society is increasingly focusing on the individual’s rights and requirements. The idea 
of people today sacrificing themselves for others is difficult to accept. For example, 
businesses such as Nike use child labour to produce products that members of the western 
world are willing to purchase. Based on utilitarianism the fact that the number of people in 
the western world using the products outweighs the number of children undertaking the 
labour makes this decision right. Surely there are circumstances where issues are wrong 
despite the number of people that are apparently agreeing to it. This is where deontological 
ethics differs to the teleological.
3.1.2. Deontological Ethics
The deontological perspective is sometimes stated simply as “Do unto others as you would 
have them do unto you”. The philosophical theory of deontology is formalised in the writing 
of Immanuel Kant in the early 1800s. Kant places the basis of ethics on the obligation, or the 
duty, to do what is “right”. What is “right” comes from an idealised notion of what a “better 
world” should be. The duty to make this a better world is something society takes upon itself. 
The test of what is “right” would be: Is this action something that would be universally 
applicable to all people? Kant rejected the traditional theories of morality (consequentialist) 
and argues that moral actions are based on a “supreme principle of morality” which is 
objective, rational and freely chosen: the categorical imperative. He states that for the good of 
society we must act on our moral duty instead of according to our feelings. It implies that 
everyone should act in the same way because without a right ethical system society would be 
lost.
It is not possible to state that a certain ethical framework is applicable to the whole of society. 
The question of values within society is not possible to conclude as a scientific theory. 
Different circumstances and decisions will produce different results. SD and sustainability are 
concepts that have traditionally been dealt with through scientific and engineering approaches. 
The introduction of the philosophical element through use of terms such as “value” means 
these concepts cannot be approached solely in a scientific fashion. It must be recognised that 
there is not necessarily an end-point or a right or wrong way to approach the subject because 
of the philosophical background. This section has presented a background to the issue of
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value and its meaning. As stated previously, this concept will be explored in more depth 
within the central report.
3.2. A Sustainable Organisation
The central report includes an explanation of the meaning behind SD and sustainability. In 
addition, recent work has begun to identify what it means to be a “sustainable organisation”. 
An organisation can be sustainable itself and also contribute to the general concept of 
sustainability. If SD is to achieve its potential it must be integrated into the planning and 
measurement systems of business enterprises. For this to happen the concept must be 
articulated in terms that are familiar to business leaders. This has been defined within the 
EngD project work as being that the present generation must maximise the potential of aU 
development opportunities and not merely “meet the needs”. In order to achieve a 
sustainable organisation it is essential to have a strategic focus and a willingness to work at the 
underlying issues, the culture, that will deliver sustained high performance. A number of 
organisations have attempted to develop principles by which the three issues of SD and 
sustainability (environment, economy and society) can be integrated within today’s businesses. 
These include work by the Coalition for Environmentally Responsible Economies (CERES, 
2002) and the International Institute for Sustainable Development (USD, 1992). These 
organisations have identified issues such as: protection of the biosphere, environmental 
restoration, and preparation of reports. The work associated with this EngD project will also 
lead to a development of a list of requirements for a sustainable organisation (within the 
central report). Within the list developed there will be consideration of the more 
philosophical aspects of dealing with SD and sustainability. In addition the list will provide a 
more flexible approach than existing lists in order to compensate for the needs of future 
generations. The ideal is not to have strict regulations or procedures that stifle business 
opportunities but emphasises environmentally and socially responsible business practices. The 
work on this subject will be expanded upon within the central report of the portfolio.
3.3. Sustainability Reporting
The main method to gauge a company’s approaches to SD and sustainability by the 
stakeholders and other members of society is through the company’s level of sustainability 
reporting. The EngD project is investigating different companies’ approaches to reporting, 
and the reasons why reporting is undertaken. Information presented within sustainability 
reports can be abused or deliberately misinterpreted. Public reporting can raise expectations 
or introduce readers to issues of which they were previously unaware. It is very important that 
companies approach reporting in an open and transparent manner. Guidelines have been 
prepared on reporting by the Global Reporting Initiative (GRI) and the World Business 
Council for Susainable Development (WBCSD). It is vital that a company understands what 
information is important to them and their stakeholders to ensure a maximum level of 
communication and transparency is maintained. From investigating the sustainability reports 
currently available from all areas of industry and the types of information requested of 
companies by different organisations (including Dow Jones and Innovest). The main areas 
that a sustainability report must include are:
• Environmental data;
• Health and safety data;
• Human rights information;
• Social investment;
• Employee information.
Work on this aspect of the central report will continue to investigate how effectively different 
companies, and sectors of industry are dealing with sustainability reporting. The questions 
that win be answered within further work on the subject include: are companies reporting a
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sufficient level of information? What sector of industry is most effective at providing 
information? Is the frequency of reporting sufficient? Finally, what sections are covered 
within an “ideal” sustainability report? By investigating these questions an idea of the 
predominant external uses of the sustainability indicators developed in association with the 
EngD project will be revealed.
3.4. The Use of Indicators for the Assessment of Sustainability in the Petroleum 
Industry
The previous work will identify how indicators are likely to be used for external 
communication purposes, but it is also important to understand how indicators are used for 
more general purposes, specifically within the petroleum industry. This is important because 
the particular use and likely users of the indicators will reflect what information is collected 
(both externally and internaUy). There is no point in developing indicators nobody is 
interested in using or that are too compUcated for effective interpretation. To start this 
process of investigation fourteen petroleum companes were identified and their sustainabiUty 
reports were investigated. The Research Engineer identified four types of reporting within the 
petroleum industry:
• Full sustainability report: Marathon, StatoU (aU information in “Annual Report”), 
SheU, Suncor, Unocal and Conoco;
• Environment and social report: BHP BiUiton and Occidental (both contain Health 
and Safety and Environment reports), BP Amoco, Enterprise OU and TaUsman 
Energy;
• Separate report: ExxonMobU;
• N o public document: ChevronTexaco (recently merged company in October 2001. 
Texaco produced a HSE report prior to merge) and TotalFina Elf.
The two companies that had not produced any pubUc document were those that had mega- 
merged^ in recent years. Evidence was found of reporting prior to the merge and it is 
expected that that over time pubUcly avaUable documents on SD issues wiU become avaUable. 
The frequency of mega-mergers is increasing within the petroleum industry and it is Ukely to 
have an effect on the treatment of issues such as SD as different poUcies and perspectives 
from different companies and countries are brought together. The companies within the 
“Environment and Social Report” category were Ukely to focus on Health, Safety and 
Environment (HSE) issues. Recognition of SD as a concept was occasionaUy made in these 
reports but not to any significant effect. The indicators that were avaUable from these 
companies tended to focus on environmental emissions. O f the companies investigated the 
method of reporting could be divided into two perspectives: those based solely on principles 
and poUcies and companies that used indicators and standards. The reports that were based 
solely on indicators and standards had predominantly come from the companies that had 
produced fuU sustainabiUty reports.
Work on sustainabiUty indicators and their use within the petroleum industry wiU continue 
within the central report of the portfoUo. The subject areas found within the reports of the 
petroleum companies and approach to reporting wiU aU be explained in more detaU. In 
addition, a survey into how indicators are being used internaUy wiU be conducted to 
investigate how useful indicators are to today’s petroleum industry.
3.5. Work on Product Indicators
The indicators developed to date have focused upon the process level. The EngD project wiU 
also involved a compUation of indicators based on products. Corporate competitiveness has
 ^This term refers to the merging of major companies into one.
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been achieved traditionally through new product development, quality performance and cost 
control. Competitiveness in the future wiU require extending these traditional elements to 
include the life cycle impacts of markets and final products. The tool of life cycle assessment 
(LCA) is therefore very important to this project and the literature review andwork within the 
central report explain the process in more detail. An outcome of this work is to recognise that 
traditional life cycle assessments are of no use within the petroleum industry. Predominantly 
this is due to the fact that it does not include health and safety aspects that are critical to issues 
with petroleum products. The development of product indicators within the EngD project 
work will, therefore, be used to integrate within a tool that is designed to cut down the time 
and resources of undertaking an assessment (compared to a full LCA) and incorporate social 
considerations. This tool is explained in more detail within the conference paper within the 
portfolio “Sustainability Across The Process Chain” (September 2000). In order to further 
develop and trial the development of product indicators and application of the sustainability 
assessment tool, two case studies are being undertaken within 2002 which are explained in 
greater detail within the following chapter.
4. Work In Progress
The development of product indicators requires empirical work to ensure the indicators 
developed are relevant and applicable. Two case studies have been intitiated to meet this 
need. Both are being undertaken within Shell and will involve developing indicators 
(predominantly on social issues) and testing the sustainability assessment tool. The 
background to the studies is explained in the following sections.
4.1. Comparison of Food Grade Lubricant Products in Switzerland
Work has initiated in Switzerland on developing a new range of food grade lubricants that are 
synthesised from biotic feedstocks not mineral oil based. The new products are aimed at 
reducing the risk of hydrocarbon contamination of food products. Work is still within 
development phase and it is a good opportunity to be involved with the project from 
initiation. Involvement with the project wiU require liaising with the Swiss Product Steward 
(Barbara Wenger). The work required involves understanding the background to the project 
(for example, why the work is being undertaken), developing sustainability indicators and 
applying the sustainability assessment tool. AU stages of the work to be completed are 
demonstrated in Figure 2. The traditional method that SheU has used to test whether products 
were suitable for release to the marketplace is through the use of a Risk Assessment Matrix 
(RAM) (explained in further detaU within the dissertation of September 2001). The RAM wUl 
also be used to compare the food grade lubricant products in order to compare the results 
from using the sustainabiUty tool from the traditional assessment method. Reports on this 
subject wiU be included within the case study section of the portfoUo. The following subject 
areas wiU be incorporated within the reports produced:
• Background of product assessment within SheU;
• Background on food grade lubricant products;
• Background on social issues associated with food grade lubricants;
• Development of sustainabiUty indicators;
• AppUcation and results of sustainabiUty assessment and RAM.
4.2. Assessment of Product Portfolio of Sweden
The second case study wiU involve developing sustainabiUty indicators and applying the 
sustainabiUty tool to a broad range of products. Sweden was identified as a country where a 
sustainabiUty analysis of the products avaUable would be of great benefit. The poUtical climate 
with the emphasis on the environment as an overriding concern to social issues could prove
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an interesting addition to the project work (incidentally Esso and BP have pulled out of 
operations in Sweden because the environmental pressures were too great). It is important to 
obtain an understanding of what context Swedish regulations wiU have upon supplying 
products. The European community currently views Sweden as the leader of in terms of 
environmental legislation. Therefore, it is likely that many of the regulations currently in use 
within Sweden will lead EC regulation of the future. This makes it important for SheU to 
understand and meet Sweden’s requirements, as it is possible it wiU be reflected in the 
direction that European legislation may take in the future. The work required on this project 
wiU require understanding Sweden’s legislative requirements, and identifying exactly what 
products are sold in Sweden. Once the Sweden product portfoUo has been identified and the 
legislation has been investigated it wiU be possible to identify the potential high-risk areas. For 
example, recognising “black Ust” chemicals contained within products wiU be one method to 
achieve this. Once high-risk products have been identified (between 20% and 10% of the 
product portfoUo) RAM wiU be appUed to these products (help wiU be provided for this 
section of the work from individuals within the product stewardship team within SheU Global 
Solutions). Based on the RAM results the products that are of the highest risk wiU be 
identified (no more than 10 products, preferably around 5). These products wiU then be 
analysed using the sustainabiUty tool. FinaUy, the results of the sustainabiUty assessment 
against the RAM wiU be compared. Reports on this subject wUl be included within the case 
study section of the portfoUo. The foUowing subject areas wiU be incorporated within the 
reports produced:
• Background on the Swedish poUtical structure;
• Identification of Swedish product Une;
• Identification of sustainabiUty indicators;
• AppUcation and results of sustainabiUty assessment and RAM.
The main conclusions and sustainabiUty indicators for both case studies wUl be incorporated 
within the central report of the portfoUo.
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4.3. Time Plan for Project
Figure 2 uses a flow chart to demonstrate the work
Figure 2: Flow Chari of Work On Case Studies
PRODUCT INDICATOR 
DEVELOPMENT
Background
Gather info.
Sustainability
indicators
Sustainability
assessment
Comparison
ANALYSIS OF PORTFOLIO
Background
Gather info. ----------- - ^
Sustainability
indicators
\ _____ ^
Sustainability
assessment
\ — ^
Comparison
Contact Barbara Wenger
Understand the processes behind food grade lubricants
Understand why Switzerland is looking into developing the 
new  n ro d n c t lin e
Gather info, on original lubricant products
Investigate whether other studies on food lubricants have been 
rnmnlered
Gather information on legislation 
Identify sustainability indicators
Use indicators to complete a sustainability assessment
Compare with findings of any other studies
Compare two products based on sustainability assessments
Identify value to business
Talk to Elna-Kristin Renstrom
Find out what the Swedish product line consists of 
Investigate Sweden’s political structure
Understand the RAM
Gather information on assessments done on Sweden’s products 
to date
Gather information on legislation 
Identify sustainability indicators
Perform RAM on products
Performance SA on products 
Compare findings of RAM with SA 
Identify value to business
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There is a considerable amount of work to undertaken over the next few months to ensure all 
the work is completed in time. Therefore the following Table 1 presents the work that will be 
completed up to September 2002, the next 6-month report will detail progress after that date.
Table 1: Time Plan of Work Until September 2002
DATE TO DO LIST DOCUM ENTS AND 
DEADLINES
March 4
5
6
7
March 11 
12
13
14
15
March 18
19
20 
21 
22
March 25 
26
27
28 
29
April 1
April 8
Contact BarbaraWenger in Switzerland re. 
food grade lubricants 
Complete paper for GIN conference and 
send for comment and corrections 
Speak to Elna-Kristin Renstrom to discuss 
Swedish portfolio____________________
PAPER FOR GIN 
CONFERENCE
Increase understanding of food grade 
lubricants
Complete analysis of full LCA and apply 
streamlined LCA tool to assess differences 
and conclude confidence limits
CONFIDENCE LIMITS 
BETWEEN LCA AND 
STREAMLINED LCA 
TOOL
January - I 
March |
Ascertain why Switzerland is looking into 
new product line 
Document streamlined LCA tool 
Work on 6 month report
DOCUMENT ON 
STREAMLINED LCA 
TOOL
• Work on and complete 6 month report
• Make corrections on GIN conference 
paper and submit
COMPLETE 6 MONTH 
REPORT!!!
University of M anchester conference
Gather information on Swedish product 
line
6 MONTH REPORT
PAPER FOR GIN 
CONFERENCE
9
10 
11 
12
April 15 
16
17
18 
19
A pd 22
23
24
25
26
A pd 29
30
• Background on Swedish background, inc. 
political structure
• Information on studies done of a similar 
nature to date.
Produce document on Swedish 
background
CHASE ALL INFORMATION 
COLLECTION THAT IS REQUIRED 
FROM SWITZERLAND AND 
SWEDEN
DOCUMENT 
DETAILING SWEDISH 
BACKGROUND (INC. 
POLITICAL)
April - 
June
• Understand the Risk Assessment Matrix
• Prepare paper for Leeds conference
Econom ic aoDroaches @ Surrey Uni.
PAPER FOR LEEDS 
CONFERENCE
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• Investigate other studies completed on 
food grade lubricants_______
May 6
7
8
9
10
• Apply RiVM to Swedish product line
• Collate information on legislation (current 
and pending) in Sweden
• Complete course assignment
DOCUMENT 
DETAILING 
LEGISLATION 
CURRENT AND 
PENDING FOR 
SWEDEN IN DETAIL
May 13
14
15
16 
17
Chase information gathering 
Continue to perform RAM on Swedish 
product line;
Compare RAM work with legislation to 
ensure suitable high risk products are 
identified
COU&Œ MAAZGNMENT 
EROAfECONOAffC  
MPPROvTGHEA
May 20 
21 
22
23
24
Identify sustainability indicators for the 
food grade lubricants
DOCUMENT ON 
SUSTAINABILITY
INDICATORS FOR 
PRODUCTS
May 27 
28
29
30
31
IdentiÇ' sustainability indicators for 
Swedish products
DOCUMENT FOR 
SUSTAINABILITY 
INDICATORS FOR 
PORTFOLIO OF 
PRODUCTS
June
Energy system s course @ Surrey
• Ensure all relevant information has been 
collated
June 10
11
12
13
14
• Complete assignment for energy systems 
course
• Complete a sustainability  ^assessment of 
food grade lubricants products
April - 
June
June 17
18
19
20 
21
• Discuss assessment with Barbara Wenger
• Prepare presentation for GIN conference
• Continue with sustainability assessment
vTAAfGNMENT FROM 
ENERGF'AFATEMA 
COUR.Œ
June 24
25
26
27
28
GIN conference in Sweden
Prepare slides for Leeds conference
July 1
U niyersity of Leeds conference
• Continue with sustainability  ^ assessment 
work
July 8 • Continue with sustainability' assessment
work
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10
11
12
J uly 15 
16
17
18 
19
M aterials in the Environm ent @ Brunei
July 22
23
24
25
26
• Complete course assignment from 
Materials in the Environment course
• Continue with sustainability' assessment 
work
MAAZGNAfEAT EROAf 
AW TERM EyZNTEE 
ENUZROAMENT 
GOURAE
July 29
30
31 
1 
2
• Continue with sustainability' assessment 
work
August 5 
6
7
8 
9
• Compare the two food grade lubricant 
products
DOCUMENT ON THE 
SUSTAINABILITY OF 
THE FOOD GRADE 
LUBRICANTS
August 12
13
14
15
16
• Compare the findings of RAM and 
sustainability' assessment
PRODUCE DOCUMENT 
DESCRIBING THE 
RELATIONSHIP 
BETWEEN THE RAM 
AND SUSTAINABILITY 
ASSESSMENT
August 19 
20 
21 
22 
23
• Compare the indicators developed for the 
product comparison and the product 
portfolio
August 26
27
28
29
30
• Update the central report of the academic 
portfolio
Sept. 2
3
4
5
6
• Update the central report of the academic 
portfolio
Sept. 9 
10 
11 
12 
13
• Identify the value that the work has 
brought to the business
PRODUCE DOCUMENT 
DETAILING THE 
WORK TFIAT WAS 
UNDERTAKEN FOR 
THE YEAR
Sept. 16
17
18 
19
• Prepare 6 month report
Ju ly-
Sept.
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20
Sept. 23
24
25
26 
27
• Complete any remaining work COMPLETE 6-MONTH 
REPORT!!!
Sept. 30 
1 
2
3
4
• Complete any remaining work
A Gantt chart displaying the work to be undertaken during 2002 is included in Appendix I of 
this report.
4.4. The Case Studies Relevance to Each Other and the EngD Project
The intention is that a link between the two case studies will be possible through the 
assessment of a food grade lubricant within the Swedish portfolio assessment. This will help 
to demonstrate the extent of alignment between the sustainability assessments based in 
Switzerland and Sweden. Both case studies are working towards developing sustainability 
indicators that are effective for use within a product analysis context. One case study focuses 
on a product comparison and the other is involved in analysing a product portfolio. This 
undertakes the two major scenarios whereby sustainability indicators could be used for 
decision-making associated with assessment of products. In this way the case studies are a 
positive contribution towards the EngD project on components of decision-making 
associated with SD.
The benefit of the work to Shell and the petroleum industry in general is through the use of 
the RAM. By using the RAM as a comparison to the work on the sustainability assessment it 
will be possible to demonstrate how reliance only on a risk assessment may not be the 
effective way of categorising products. The intention is that a sustainability assessment wiU 
throw up additional issues for consideration and provide more information to allow for 
effective decision-making to be undertaken. The obvious example to demonstrate this would 
be petroleum. When focusing on the risks offered by petroleum it appears to be a high-risk 
product; in some circumstances the risks could be seen as outweighing the benefits in its sale. 
When using a sustainability assessment other factors are taken into account, such as the 
reliance placed on the product by modern society. By taking into account these issues the 
risks of selling petroleum can be demonstrated as outweighed by the social benefits of selling 
the product. In this way the work will provide a significant contribution to knowledge for the 
decision-making of the industry in the future.
Work on the EngD project to date had also included work on process level indicators. 
Thhese had been developed in association with a new LNG site in Sakhalin (South-eastern 
island off Russia). With the changing structure (due to Shell Sakhalin merging with Marathon 
Oil on the project) it became very difficult to identify and obtain a sufficient level of 
interaction with key personnel. The Sakhalin project is currently undergoing an intensive 
period of work and it was felt that further development of indicators on the process side 
would be best served on another site. Negotiations and discussions are underway with other 
sectors of Shell that have an interest in the development of sustainability indicators at a 
process level (for example, Shell Chemicals). It is currently proposed to progress work on the 
process side between September to December of 2002. Further information on this subject 
will be included in the next 6-month report (October 2002).
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5. Conclusion
The work contained within this document has provided an outline to the thoughts and studies 
undertaken since the last 6-month report (dissertation, September 2001). By demonstrating 
the reports produced to date (section 2) and how these reports interact it is possible to 
provide an impression of the structure of the final portfolio. This is important to establish at 
this point in order to re-affirm that the direction and focus of the project is still aiming 
towards the final aims and objectives of the EngD project. It has been highlighted that a 
significant amount of work wül be undertaken over the remaining period to ensure that the 
theoretical and empirical aspects of the work will be completed in time. Work on 
understanding the meaning and use behind key terms, plus the need to maintain a full 
understanding of the development and application of sustainability indicators within 
petroleum companies and industry as a whole have been introduced. Work will continue on 
these points for inclusion within the central report of the portfolio. The case studies that have 
been outlined provide an opportunity to develop and trial the indicators and sustainability 
assessment tool in practical circumstances. This will help to broaden the range of the 
indicators and ensure strength in any necessary justifications. The opportunity to undertake 
work in different countries will prove very interesting in revealing differences in the issues 
(particularly social) identified. The work continues to provide a significant contribution to 
knowledge in development of tools to aid effective decision-making of SD.
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1.0 Introduction
Previous six-month reports have provided useful benchmarks on the various stages of the 
project, which is based on components of decision-making associated with sustainable 
development (SD). This six-month report focuses on the assessment of products through the 
use of sustainability indicators.
Attention turned to process indicators last year when an LNG (Liquefied Natural Gas) facility 
in Sakhalin, near Russia, came under the spotlight. Further process indicators focusing on 
work in Oman and with Rio Tinto will be developed over the next six months.
Once the work on the project and process indicators has been completed in February, Dames 
and Moore and the consultancy SustainAbility Ltd will verify the work.
Assessment of the Swedish portfolio -  an analysis of Shell Group products sold in Sweden 
bearing in mind the more stringent laws -  is still ongoing.
Over the past six months Shell products have been assessed for their sustainability. The 
assessments are based on a matrix that is derived from indicators, which are a crucial part in 
any decision. The matrix presents a way of interpreting and presenting the information from 
the indicators in a simple format.
Section 2.1 attempts to show how that can be achieved.
Section 2.2 summarises how the tools can be applied to environmentaUy-acceptable hydrauUc 
fluids.
Section 2.3 explains why SheU has been focusing on the Swedish product portfoUo. More 
information on the case studies can be found in the EngD portfoUo.
Section 2.4 looks at how the tools can be incorporated within SheU’s decision-making 
processes.
Section 2.5 focuses on two conferences. One explored how to develop effective SD 
indicators; the other studied why they are important in any decision-making. Journal 
submissions are expected to be pubUshed by the time this project is complete.
Section 2.6 provides a brief introduction to methods of sustainabiUty measurement in order 
to demonstrate the appUcation of this project work. This is explained in more detaU within 
the central report.
Section 3.0 identifies areas, which require further discussion and analysis and offers a 
summary of what work has been done and what needs to be done.
Section 4.0 offers the conclusion of the project and highUghts the usefulness of the project to 
the petroleum industry and a wider audience.
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2.0 Progress to date
The petroleum industry is moving towards the development of ‘greener’ fuels where 
increasing biodegradability and minimising toxicity becoming a priority. With the 
development of these fuels it has become apparent that there are often hidden costs associated 
with their development. For example, increasing biodegradability can affect oxygen levels if 
the product comes into contact with water. Charging the consumer more for green 
alternatives has not led to increased sales in many countries.
The sustainability assessment tool uses indicators of SD and places them within a semi- 
quantitative, easy-to-understand tool based on the product’s life cycle. So far, development of 
product indicators has been limited. The need to understand all the impacts of a product has 
accompanied the demand for a sustainability assessment tool.
2.1 Sustainability assessment tool
The sustainability assessment tool is intended to help decision-making by showing the 
environmental, social and economic impacts of a product. There are occasions where a full 
life cycle assessment (LCA) would be more appropriate. This is a quantitative assessment 
based solely on environmental impacts. It tends to be a complicated, time-consuming and 
expensive assessment process. The sustainability tool compares products. It is designed to be 
quicker by focusing on specific areas of concern through the product life cycle; therefore, it 
provides a more cost effective product assessment.
The format of the tool is a matrix. Assessment begins by establishing the aim, objective and 
listing the assumptions applied in analysing the products. The life cycle is then developed and 
key stages - the points where the products have different processes -  are identified. Those 
areas where they are the same do not necessarily need to be investigated; it is possible they will 
produce the same results. Environmental, economic and social indicators are then developed 
for the products, with the indicators receiving a ranking for the different stages of the life 
cycle. A ranking system is used to make interpretation an easier process and allow for 
qualitative data to be represented within the assessment.
The ranking is demonstrated in Table 1.
Table 1: Tanking of the sustainability assessment matrix
Scoring 0 1 2 3 4 5 X *
Meaning Negligible Low Low/medium Medium Medium/high High Not
applicable
Data not 
available
An example of a sustainability assessment matrix is included in Appendix I.
The indicators tend to depict ‘unsustainability’ as opposed to sustainability. This is because it 
is easier to identify where a product is unsustainable. Explained by Ayres (1996) is the fact 
that it is not clear whether sustainability is a feasible goal, either politically or technically.
There is no consensus as to what sustainability means; therefore, it would be unwise to try and 
measure it. Instead we need to look at the issues or forces that are obstructing the move 
towards sustainability. Despite not knowing what sustainability means it is possible to identify 
the forces opposing it (Dahl, 1995). Issues such as unemployment, industrial emissions and 
the reduction of biodiversity are aU impacts obstructing the path towards the sustainable goal 
(wherever that might be).
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Work began within the Shell Group by focusing on two case studies. Firstly, a comparison of 
an environmentaUy-acceptable hydrauUc fluid and a traditional mineral-based one. Secondly, 
there is an assessment of the Swedish product portfoUo.
The foUowing two sections briefly outUne the work on those case studies.
2.2 Sustainability assessment of environmentaUy-acceptable hydrauUc fluids
HydrauUc fluids are lubricants that are used in high-pressure systems where leaks or accidental 
spiUs can result in the release of large amounts of fluid into the environment. 
EnvironmentaUy-acceptable fluids are readily biodegradable and do Uttle harm to plants and 
animals. Compared with the more widely used mineral oU-based products, they have a 
reduced impact on the environment if spUt. However, in some cases, environmentaUy- 
acceptable hydrauUc fluids do not perform as weU as mineral oU-based products and a shorter 
service Ufe means more fuel is needed.
Base fluid forms the predominant (90-95%) volume of a hydrauUc fluid. The remainder is 
made up of additives. The most popular mineral oil-based hydrauUc fluid sold by the SheU 
Group, is TeUus (blend 46).
This was used as the product comparison to the environmentaUy-acceptable NatureUe (HF-E 
46 grade). The fluid is under development within SheU Lubricants at Cheshire Innovation 
Park (CIP) and with lubricant manufacturer Aseol in Bern, Switzerland. NatureUe’s base fluid 
is based on a synthetic ester that has petrochemical and plant-derived inputs.
The aim was to assess whether the environmentaUy-acceptable hydrauUc fluid was preferable 
to the traditional mineral-based hydrauUc fluid. The assessment began by speaking to the 
lubricants product developer at CIP and the product manager responsible for the fluid’s large- 
scale production in Switzerland. The initial data requested included:
Composition of products;
Type of chemicals (and amounts used);
Toxicological data;
Performance data;
Disposal methods;
By-products from processes;
Level of emissions (during manufacture and use).
This Ust provided an introduction to the type of information that would be needed. It also 
prompted identification and provision of further pieces of data. In addition to studying the 
information that was avaUable on the products the Ufe cycle for the two products was 
developed. It showed similarities within a number of stages throughout the Ufe cycle of both 
products. Where the products shared the same Ufe cycle stages it was unnecessary to 
investigate the Ufe cycle impacts because there would be no differences.
Figure 1 demonstrates the Ufe cycle and highUghted in blue and green are the stages that 
needed further investigation.
Appendix I is a demonstration of the sustainabiUty matrix that was developed to compare 
products. The indicators were ranked according to the boundaries demonstrated in Table 1 
(this is also displayed in Appendix I). When data on the indicators was available it was 
included within the completed sustainabiUty assessment report, which is included in the EngD 
portfolio. The foUowing Table 2 presents the data in Appendix I in a simple format.
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Table 2: Key findings of sustainability assessment of environmentally-acceptable hydraulicfluids
Raw materials Production Use
Economy 25% 0% 4%
Environme
nt 20% 23% 40%
Society 26% 0% 30%
No difference
Up to and including 10%
Up to and including 20%
Up to and including 30%
Up to and including 40% and 
above
The colours refer to the stages where environmentally-acceptable fluids are the same or 
preferable to the mineral oU-based fluid. The key demonstrates how the different colours 
have been used to depict the differences in the products. Table 2 demonstrates that the 
environmentaUy-acceptable hydraulic fluid does not help to create a more sustainable 
economy. However, the environmentaUy-acceptable fluid does significantly help sustainabUit}  ^
in terms of the environment during the use phase and for society regarding the raw materials. 
The results of this assessment are explored in more depth within the case study document 
produced in relation to this project.
Figure 1 : U fe  cycle of mineral-based and synthetic ester hydraulicfluid {includes indication of impacts)
E x trac tio n  o f m inera l oil Grc----rr, o '  ^BpeSOOd -
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In terms of the project the case study demonstrated that the sustainability assessment matrix 
was suited to comparing products. The findings highlighted that use of the environmentally- 
acceptable fluid would be more suited to areas sensitive to environmental impacts, such as a 
forest. Therefore, the countries where sales of the product are likely to be substantial are 
Sweden, Switzerland and Germany. The decision was made to investigate how the hydraulic 
fluid would compare with the rest of a country’s product portfolio. This would not constitute 
a simple product-to-product comparison and so would present a challenge for the use of the 
sustainability matrix.
2.3 Swedish product portfolio
The Swedish product portfolio became the focus because the Shell Group viewed it as being 
subjected to the most stringent laws. The European Commission highlighted the fact that the 
accession of Finland, Austria and Sweden has resulted in strengthened EU environmental 
protection standards (European Commission, 1998). When these countries joined the EU 
they were allowed to keep certain national health and environmental provisions for four years. 
During that time the EU reviewed its own health and environmental standards in close co­
operation with the three member states. In almost all cases this led to the adoption of 
strengthened environmental standards. Issues such as sulphur in petrol, mercury in batteries 
and labelling of dangerous substances were all brought up to Swedish standards.
The Shell Group are rationalising their products to present a Global Product Portfolio instead 
of products unique to each country. It is important the products comply with laws within 
every country to ensure sales can continue.
The first task within this case study was a review of Sweden’s laws to understand the issues 
that are key to selling petroleum products in Sweden. This document is included within the 
EngD portfolio.
A database of information was obtained from Sweden’s product manager. Details such as 
volume sold and risk classifications on 626 products were received. Due to time and 
information constraints, sustainability assessments could not be undertaken on all products. 
Identifying those products with risk classifications and high sales volumes led to the selection 
of 50 products. The final selection involved separating the products into categories — such as 
metal-working fluids and hydraulic fluids - and then focusing on one or two products from 
each category. In order to apply the sustainability assessment matrix, it was decided to 
develop a matrix specific to each product category. This decision was made because the 
matrix works best when comparing products of a similar nature. Comparing the Swedish 
products against each other would provide questionable results. By grouping the products 
into categories the sustainability indicators could be tailored to suit each product type.
Once this was done a ‘base-level’ product was identified — the one with the highest volume 
sold globally -for each category. Work is ongoing as the need for separate matrices, depending 
on product category, involves contacting more product managers than initially envisaged to 
ensure the correct indicators are developed and the correct base-level product is identified. 
Once the work is completed a report will be included within the EngD portfolio, listing all the 
matrices and product indicators selected.
2.4 Incorporation within Shell decision-making processes
To date impacts of SheU products have been categorised within hazard classification that 
focuses on toxicological data. The need to assess wider implications has led to consideration 
of product assessment tools. Work is currently underway to develop a product-related risk
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assessment matrix (RAM). The RAM to date has been used only in association with process 
sites but it is believed to provide a quick and simple qualitative assessment of products.
Figure 2 demonstrates the RAM that is currently associated with process sites’. By changing 
the way the impacts are interpreted, the intention is to make the tool more suitable for 
product use.
The product RAM will provide a quick and easy qualitative assessment of products. However, 
its reliance solely on qualitative data means it can provide information tit at is insufficient, 
unreliable and subjective. The alternative would be to perform a life cycle assessment (LCA). 
However, the level of detail and time associated with the lack of health and safety data - vital 
to the petroleum industr}' - means it is not always an appropriate tool.
Figure 2: The risk assessment matrix (KAAhJ
INCREASING LIKELIHOOD
Incident has 
occurred in 
our Com pany
Happens 
several times 
per year In 
our Com pany
H appens 
several times 
per year in a 
location
CONSEQUENCES
Never heard 
o f  rn 
industry
Heard ot in 
industry
No health No dam age No effect No impact
effect/injury
Slight effect Slight im partShght health 
efTect/mjury
Minor effectMinor health 
effect/injury
M nor
dam age
Limited
impact
M%or health
effect/injury
Localised
dam age effect impact
PTO* or 1 to  
3 fatalities
Major
dam age
M ajor effect National Medium  
Riskmripact
Extensive
dam age
Massive International 
impact
MuRiple
fatakues effect
mm..
* =  P e rm a n en t to tal disability . T h is  refers  to  th e  ev e n t w h e re  an  ind iv idual is le ft unab le  to  w o rk  in  the  fu tu re .
The sustainability' matrix is designed to bridge the gap between the qualitative product RAM 
and quantitative LCA process. A set of guidelines will be produced that wül outline when the 
different assessment tools should be used. The sustainability matrix will become crucial in 
Shell’s decisions.
2.5 Conference papers and journal submissions
From June 23 - 26 the EngD student attended the 10* International Conference of the 
Greening of Industrt' Network, Gothenburg. The theme was Corporate Social Responsibility' 
— Governance for Sustainability. The paper presented was entitled Integrating Social 
Concerns Into The Decision-Making Process Associated With the Petroleum Industry'.
On July 1 and 2 the EngD student attended the 2002 Corporate Social Responsibility' and 
Environmental Management Conference, held at the University of Leeds. The paper was 
entitled The Inclusion of Social Concerns Within The Decision-Making Processes of the 
Petroleum Industry'.
The following abstracts provide an overview of the two presentations and papers.
A more thorough explanation of the RAM can be found within the 2-year dissertation, p. 10 onwards.
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Abstract for the GIN Conference
Integrating social concerns in making decisions poses a particular challenge for the petroleum 
industry. A method of monitoring and measuring qualitative and quantitative aspects is 
required. To support this, this paper focuses on the use of sustainability indicators as a 
decision-making tool. Working from a concrete definition of SD and sustainability within the 
context of the petroleum industry, it is possible to develop a framework that applies to 
business operations at product and process levels. Case studies demonstrate the difference 
between product and process level indicators with their use in external and internal decisions.
Abstract for the Leeds Conference
The petroleum industry recognises the need to incorporate social concerns into decisions, 
particularly to assign quantitative figures to qualitative data through indicators of sustainable 
development (SD). This paper proposes a method of evaluation and a framework for 
effective development of the indicators. Both have been tested in a case study that focused on 
the social concerns of RME biodiesel. The work highlights the importance of indicators when 
stakeholder engagement is not possible (for non-strategic decisions). It also highlights four 
categories of social concerns that should be accounted for when investigating product 
sustainability: health, surroundings, current lifestyle and consumer perception.
The paper for the GIN conference has been submitted to ‘Business Strategy and the 
Environment’ journal (published by John Wiley and Co.) in September.
A second journal paper will be submitted in December to a special issue of the Journal for 
Industrial Ecology, which will examine the environmental implications, good and bad, of 
increased use of bio-based materials and fuels. A paper exploring the work associated with 
environmentally-acceptable hydraulic fluids will be submitted.
2.6 Methods of sustainability measurement
A number of measures of sustainability are currendy available. However, they differ on a 
number of levels and none of them are entirely appropriate for the analysis of petroleum 
products.
The use of measurements is intended to ensure accountability in decision-making. A study by 
KPMG (2001) indicated that business leaders are currently dissatisfied with the reliability of 
measurement tools. Leaders often feel inundated with data but lack performance information. 
Traditional measures are viewed as suitable for maintaining business as usual but they are not 
up to the task of directing organisations through continuous change. The leaders identified a 
number of reasons why performance measures have failed previously:
• A lack of feedback to corporate goals;
• Indicators measuring measurable things instead of things that mattered;
• A focus on measuring too many things.
One example of a popular performance tool is the Sustainability Balanced Scorecard (SBSC) 
(Figge et al., 2002). The rationale behind this tool is that companies need a system of 
indicators. The SBSC is viewed as a strong tool for an integrated and value-based 
sustainability management tool. It is a good move towards integrating environmental, social 
and economic management systems. However, this tool has problems associated with it. It 
provides a limited treatment of the external environment (for example, focus is exclusively on 
the customers).
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A number of organisations including the Global Reporting Initiative (GRI) and the World 
Business Council for Sustainable Development (WBCSD) have developed sustainability 
measures. These indicators have been produced as part of the reporting guidelines that are 
intended to reflect the sustainability of the organisation as a whole.
The development of indicators to reflect the sustainability of individual products is harder to 
find. Yet, there is a need for a comparfy to be aware of all its interactions with the 
surrounding environment and communities. By studying the detailed product level it is more 
likely that a company will move towards sustainability. By focusing on top-level measurement 
it is likely that a number of smaller — but potentially very damaging — risks could be missed.
This section is summarised from the central report of the portfolio, which is included to 
demonstrate the need for the assessment tool. For more detail on this subject please see the 
central report.
3.0 Project progression
A number of reports have been produced for addition to the portfolio. These reports are
highlighted in bold in Figure 1. This figure is an up-date from the one produced for the April
2002 report. It demonstrates how the different reports relate to the portfolio. They are 
arranged under six main headings;
• Central report (addition of explanation for sustainability assessment tool);
• 6-month reports (1 additional report);
• Case study work (2 additional reports plus one in progress);
• Literature review (1 noted for future development)
• Conference papers (2 additional conference papers and presentations);
• Dissertation work.
In order to complete the project a number of steps remain. They include:
• Product assessment work^l Comparison of the process and product indicators
• Process level indicators;
• Completed central report;
• Sustainability assessment tool verification;
• Remaining literature reviews and journal papers.
The project plan to reach these steps is demonstrated in Table 3 and the Gantt chart in 
Appendix II. The timetable demonstrated is until April (the time of the next 6 month report). 
The central report of the portfolio and the executive summary will be ready to be submitted 
by August. Following submission past work will be revisited to ensure full understanding for 
the final exam.
The work on process indicators will occur on two levels. Firstly, sustainability indicators will 
be developed for a Shell project in Oman. The second stage will apply the sustainability 
indicators to work by Rio Tinto. The development and application of indicators to an 
industry type outside of the petroleum industry will help to demonstrate the usefulness of the 
indicators on a wider scale.
More information on the background and progress of these projects will be included in the 
next 6-month report.
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Figure 3: The structure of the EngD portfolio to date
Case Study Work
“Labour Baseline Assessm ent” (SII131200.doc)
- December 2000 
B iofuel Literature Review
- Septem ber 2001
S takeho lder Map for RME Biodiesel
- Septem ber 2001
S w edish  Legislation 
- Ju ly  2002
Includes info, on  S w edish  leg islation  
regard ing  environm ental and  soc ial im pacts 
of petro leum  p ro d u c ts .
S ustainab ility  A sse ssm e n t of Environm entally 
A ccep tab le  H ydraulic Fluid
- A ugust 2002
A co m p ariso n  of an  environm entally  
acce p ta b le  hydraulic fluid a g a in s t a  m ineral 
b a se d  one.
Sustainability Assessment of Swedish 
Product Portfolio
- Still in progress W
6 Month Reports 
6 Month Report
- April 2000
6 Month Report
- September 2000
6 Month Report
- April 2001
☆  6 Month Report -  September 2001 see 
dissertation box
6 Month R eport 
- April 2002
Includes info, on  th e  s tru c tu re  of th e  portfolio 
to  da te  (original d iagram ). W ork on  th e  
m eaning of “value”, b ackground  to  a 
su s ta in ab le  o rgan isa tion , sus ta inab ility  
reporting , th e  u se  of ind ica to rs fo r the  
a s s e s s m e n t of susta inab ility  in th e  petro leum  
industry  and  an  in troduc tion  to  th e  w ork on 
pro d u c t indicators.
Includes compilation of indicators, a description of the sustainability assessment tool 
C G n t r s I  R G D O rt ‘  tackles some-of the fundamentals of the project to a detailed level (e.g. the
^  ■ meaning of certain terms).
Literature Review
“Components of Decision Making 
Associated With Sustainable 
Development; Life Cycle 
Assessment”
April 2000
An add itional litera tu re  review 
investigating  an d  explaining 
th e  u se  of decision-m aking  
(particularly  in relation to  SD) 
w ould prove an  im portan t 
add ition  to  th e  portfolio. This 
review h as ; therefore, been 
identified fo r a tten tion  during 
2003.
Conference Papers
Sustainability Across the Process 
Cfia in
Environm ental Technology 
conference, Septem ber 2000
Identification and Developm ent of 
Indicators in the Process Industry
Environm ental Technology 
conference, January 2002
The Inclusion  of Social 
C o n cern s W ithin th e  D ecision 
Making P ro c e sse s  of the  
Petroleum  Industry
The 2002 C orpora te  Social 
R esponsib ility  and  
Environm ental M anagem ent 
C onference, L eeds, Ju ly  2002
Integrating  soc ial c o n c e rn s  
into th e  decision-m aking 
p ro c e ss  a s so c ia te d  with the  
petro leum  industry
10**' International C onference  
of th e  G reening of Industry 
Network, G othenburg , 
Sw eden, Ju n e  2002
Dissertation Work “
Dissertation 
September 2002
A docum ent sum m arising the work 
to date and o f the fu ture  fo r the 
EngD project. The report includes 
an explanation o f the m eaning o f SD 
and sustainability, an overv iew  of 
susta inability indicators and the 
petroleum  industry. In addition there 
is an explanation o f social indicators. 
Brie f overviews o f the w ork in 
Sakhalin and on RME biodiesel are 
also present.
Sustainable Development 
Indicators: A Framework and 
Methodology
December 2002
Includes in form ation on existing 
indicator fram ew orks, how to 
evaluate indicators and in troduces 
the com pilation of indicators.
The Figure will be developed as the project continues to ensure the relationship between the 
different reports can be demonstrated in the completed portfolio.
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Table 3: Work plan October—April 2003
DATE TO DO LIST DOCUMENTS AND 
DEADLINES
Sept 30 
1 
2
3
4
• Begin preparation of paper for special edition of 
Journal of Industrial Ecology (the impacts of bio-based 
materials)
• Complete final report on Swedish portfolio
Oct. 7 
8
9
10 
11
• Prepare document explaining and comparing the 
product sustainability matrix and the risk assessment 
matrix
Oct. 14
15
16
17
18
• Complete journal paper first draft
• Update central report of portfolio
Distribute first draft of journal 
paper to co-authors
Oct. 21 
22
23
24
25
“Talking to the Media” course @ Surrey 
University
Oct. 28
29
30
31 
1
• Update central report of portfolio
• Begin preparation for process level indicators (contact 
relevant individuals)
Nov. 4
5
6
7
8
• Complete assignment for distance learning assignment 
on accountancy
Nov. 11 
12
13
14
15
• Receive feedback from co-authors on first draft of 
journal submission. Re-work document.
• Prepare for process level indicator work (reading)
Supervisor meeting
Nov. 18
19
20 
21 
22
• WORK ON PROCESS LEVEL INDICATORS
Nov. 25 
26
27
28 
29
• WORK ON PROCESS LEVEL INDICATORS
Dec. 2
3
4
5
6
• WORK ON PROCESS LEVEL INDICATORS Journal of Industrial Ecology 
paper submission deadiine 
ACCOUNTANCY ASSIGNMENTSET AC Case Studies Symposium, Barcelona 
Spain
Dec. 9 
10 
11 
12 
13
• WORK ON PROCESS LEVEL INDICATORS
Dec. 16
17
18
19
20
• Update central report Send central report to 
supervisors for comment
Continued...
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Table 3 (cont! d): Work Plan October—A pril2003
DATE TO DO LIST DOCUMENTS AND 
DEADLINES
Dec. 23
24
25
26 
27
Holiday
Dec. 30 
31 
1 
2 
3
Jan. 6
7
8
9
10
• Work on literature review of the decision-making 
process
Jan. 13
14
15
16 
17
• Work on remaining product sustainability matrices
• Work on comments on central report from supervisors
Jan. 20 
21 
22
23
24
• Complete product sustainability matrices
• Complete final checks on sustainability assessment 
tool
Send literature review to 
supervisors for comment
Jan. 27 
28
29
30
31
• WORK ON PROCESS LEVEL INDICATORS Supervisor meeting
Feb. 3
4
5
6 
7
• WORK ON PROCESS LEVEL INDICATORS Submit sustainability assessment 
tool and process indicators for 
verification
Feb. 10 
11 
12
13
14
• Receive literature review from supervisors and work on 
comments
• Update central report of portfolio
Feb. 17 
18
19
20 
21
• Prepare document detailing the process and product 
level indicators and discussing their 
differences/similarities in depth
Feb. 2 4 -  
28
• Work on main report of portfolio
Mar. 3
4
5
6 
7
• Prepare next 6 month report Send 6 month report to 
supervisors for comment (plus 
document on process and 
product indicators)
Mar. 1 0 - 
14
• Work on main report of portfolio Supervisor meeting
Mar. 17 
18
19
20 
21
• Make corrections and complete 6 month report
• Work on main report of portfolio
Mar. 24 -  
28
• Work on main report of portfolio 6 MONTH REPORT DEADLINE
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4.0 Conclusion
The project provides real benefit to the petroleum industry. That has already been proven as 
Shell’s product stewardship has incorporated it into many of its decision-making processes. 
However, it is not restricted to the petroleum industry. The indicators may be sector-specific 
but the thinking and means of establishing the indicators has much wider application. This 
win be explored within the work on process indicators that will occur over the next 6 months.
This 6-month report has provided an update to the work on the case studies that have focused 
on product assessment. The project work has been exposed through attendance at 
conferences and preparation of journal papers. The sustainability indicators have been used to 
provide a practical, simple and effective semi-quantitative decision-making tool.
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Appendix I
Sustainability Assessment Matrix for Environmentally-acceptable Hydraulic Fluid vs.
Mineral-based Hydraulic Fluid
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Explanation Page
ECONOMIC
UNSUSTAINABILITY
INDICATOR
EXPLANATION
Cost of labour The level of employment required (also suggests the level of specialisation 
required that would be reflected in the pay).
Likelihood of reduced 
performance
The level of possibility that a product’s performance levels will deteriorate to 
an unsustainable level
Cost of material input The cost of materials required at each life-cycle stage.
Affect of stakeholder 
intervention on business
In event of an incident the level of reputation damage that would follow.
Limited recycling possibility 
after use
The possibility that the product(s) are not suitable for re-use
Price of product for consumer The price that the consumer pays for using the product throughout its life 
cycle.
ENVIRONMENTAL
UNSUSTAINABILITY
INDICATOR
EXPLANATION
CO2 emissions Level of CO2 emissions resulting from the product.
Energy use Level of energy use resulting from the product.
Impact on water The level of water required for manufacture of product. Level of BOD on use 
of product
Impact on air Levels of emissions such as NO2
Biodiversity reduction Affect on biodiversity through issues such as increased or changed land use.
Toxic content Release of toxic substances to the surrounding environment.
Impact of by-products Level of by-products that require careful handling.
Level of non-recyclable 
materials used
Level of non-recyclable and non-renewable materials used.
SOCIAL
UNSUSTAINABILITY
INDICATOR
EXPLANATION
Perceived risk Indication of level of risk associated with the product
Affect on society’s health Extent to which the product or emissions resulting from the product impact on 
people’s health (e.g. impact on asthma sufferers).
Product leads to reduced 
level of jobs
A reduced level of jobs will provide a negative impact on society
Affect on business perception 
(in event of incident)
Impact on the company’s reputation in event of an incident occurring involving 
the product.
Need for employee training Level of training required for product.
Likelihood of employee injury Likelihood of injury resulting from product.
Restrictions on product 
availability
Are the raw materials available for the product to meet present and future 
demand?
Scoring 0 to 5
0 1 2 3 4 5
Negligible Low Low/Medium Medium Medium/high High
* = data unavailable 
X = not applicable
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Appendix II
Gantt Chart Showing Work From October 2002 to September 2003
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1. Introduction
This six-month report marks the completion of the practical side of the EngD project, which 
is in its final stages.
Section 2.1 outlines the work on sustainability assessments of the Swedish portfolio, which 
has been based on product comparisons that were undertaken to ascertain which was more 
sustainable.
Section 2.2 compares how the tool and traditionally used risk assessment matrix can be 
applied to products.
The result was a number of key learning points, particularly regarding fundamental issues that 
could have been missed without the use of a sustainability assessment. It also highlighted that 
a final stage of analysis was required to allow the indicators to be ranked. This work is 
ongoing, outlined in Section 2.3 and will be finished by the end of April.
Attention has also been focused on process indicators. Section 2.4 provides an outline of 
that ongoing work.
Section 2.5 covers the journal and conference papers that are being submitted to reach EngD 
completion.
Chapter 3 includes an outline of the thesis with an indication of chapter and section titles. 
This is accompanied by some of the thought processes that contribute to the final document. 
Displayed in Appendix I is the Gantt chart that shows the timescale for completion.
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2. Progress to date
The following sections outline the work that has been undertaken over the past six months on 
the effective use of indicators of sustainable development (SD).
2.1. Sustainability assessment of Swedish portfolio
The previous six-month report^ outlined the start of work on a sustainability assessment of 
Shell’s Swedish portfolio, which was undertaken because Sweden has the most stringent laws 
regarding sustainability issues. It was seen as a good example to demonstrate the use of the 
sustainability assessment tool.
Sweden’s product manager provided details of 626 products that make up the portfolio. Fifty 
products with high-risk classifications and significant sales volumes were selected. For each 
product classification Shell’s global product manager identified the product with the highest 
volume sold. That was then compared to a Swedish example.
The aim was to investigate a cross-section of product types; industrial lubricants, food grade 
lubricants, metalworking fluids and fuels were all included. This ensured the tool had 
measured the effect of aU product types. The selected product pairs are show in Table 1.
Table 1: Tro ducts chosen from the Swedish portfolio for sustainability assessment
Product type Product 1 (global 
product^)
Product 2 (local product^)
Hydraulic fluid TeUus 46 Naturelle E 46
Food grade lubricant Cassida chain oil 1000 Cassida chain oil 1000 
aerosol
Metalworking fluid Sitala D201.03 Sitala B402
Steam cylinder oilf industrial 
lubricant — high viscosity
ValvataJ 460 Vitrea 460
Industrial lubricant— low viscosity Vitrea 9 Morlina 5
Industrial grease Malleus 500 Kuggfett
Two-stroke engine oil 2T 2-stroke engine oil (not 
sold in Sweden)
Nautilus Biodegradable 
Outboard Oil
Domestic heating oil Industrial gas oil (not sold 
in Sweden)
Eldningsolja 1 (only sold in 
Sweden)
Dieselfuel CityDiesel Biodiesel (not sold by Shell at 
present)
The majority of the products are sold in Sweden with the exception of 2T, industrial gas oil 
and biodiesel. They were included to ensure each product was compared against one 
developed for a similar purpose. Contact with global product managers and the Swedish 
product steward ensured the most suitable — and interesting — products were compared.
The comparisons assessed whether local products in the Swedish portfolio were more 
sustainable than global products and vice versa.
‘ September 2002
 ^Global produets are sold worldwide and designed to meet all countries’ legislative requirements. 
 ^Local products are designed for a specific purpose, location or market.
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The global and product managers were asked to approve the indicator rankings. The 
following statements can be drawn from the analysis .^
Hydraulicfluid'. Tellus 46 is less sustainable than Naturelle E 46:
Food grade lubricant. Cassida chain oil is more sustainable than Cassida chain oil spray; 
Metalivorkingfluid: Sitala D201.03 is less sustainable than Sitala B402:
High viscosity industrial lubricant Valvata J 460 and Vitrea 460 have a similar level of 
sustainability;
How viscosity industrial lubricant. Vitrea 9 is more sustainable than Morlina 5;
Industrial greaser. Malleus 500 is more sustainable during use but less sustainable than 
Kuggfett during production and transportation;
Two-stroke engine oil. Shell 2T is less sustainable than Nautilus:
Domestic heating oil Industrial gas oü is more sustainable during production but less 
sustainable during use when compared to Eldningsolja;
• Dieselfuel Citydiesel is less sustainable than Biodiesel.
The sustainability assessment tool is simple and effective. By including environmental, social 
and economic effects means it is comprehensive yet not time-consuming. It has a number of 
uses within today’s organisations. It can:
Support decision-making;
Identify and evaluate options for improvement;
Benchmark against industry standards;
Assess compliance to legislation requirements;
Track progress over time;
Complement other tools, such as risk assessment matrix;
Provide a means of communication with government agencies and communities;
Provide information to others within the supply chain;
Assist in building the business case for sustainable development.
2.2. Comparison of the sustainability assessment tool with risk assessment matrices
The traditional method of product assessment within Shell is the use of a risk assessment 
matrix (RAM) .^ RAMs were carried out on all the products assessed with the sustainability 
tool to demonstrate differences or similarities in the assessment methods*’.
Table 2 displays the results of the risk assessment matrix compared to the results of the 
sustainability assessment matrix.
The full report is included in the EngD portfolio titled ‘Sustainability assessment matrix’ (Shell report no. 
OG.02.49017
 ^This tool has been outlined in the six-month report for September 2002 and a thorough explanation is 
included within the 2-year dissertation, p. 10 onwards.
 ^The full report is available in the EngD portfolio titled ‘Comparison of the sustainability tool and risk 
assessment matrix’ (Shell report no. OG.03.49002).
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Table 2: Comparison of risk and sustainability assessment results
Product type Higher risk product Less sustainable product
Hydraulic fluid Tellus 46 Tellus 46
Food grade lubricant Cassida chain oil spray Cassida chain oil spray
Metalworking fluid Sitala B402 Sitala D201.03
Steam cylinder oilf industrial 
lubricant — high viscosity
Same for both products Same for both products
Industrial lubricant— low 
viscosity
Morlina 5 Morlina 5
Industrial grease Same for both products Malleus during production and 
transport; Kuggfett during use
Two-stroke engine oil Same for both products Shell 2T
Domestic heating oil Same for both products Eldningsolja during production, 
industrial gas oil during use
Diesel fuel Unable to complete Citydiesel
Table 2 highlights a number of examples where the tools have produced different results. 
Metalworking fluid
Sitala D201.03 is currendy low risk, but it includes a substance — boron — that could become a 
future legislative issue. This longer-term issue is not highlighted within the risk assessment 
matrix.
Domestic heating oil
Eldningsolja is less sustainable during production; industrial gas oil is worse during use. The 
sustainability tool highlights that the products differ depending on the life cycle stage. The 
risk assessment matrix focuses on the worst-case scenario for the whole life cycle. Therefore, 
secondary issues are not included.
Diesel fuel
The risk assessment matrix was not completed on biodiesel because it is not currently 
developed by Shell, which meant data could not be identified. The sustainability matrix was 
carried out using data from other companies. The sustainability assessment tool is useful in 
assessing products not yet offered by Shell, which will be important for prospective product 
development and purchasing considerations.
Conclusions:
• The risk assessment matrix does not highlight issues associated with future legislation;
• The risk assessment matrix does not highlight areas where more than one part of the life 
cycle is affected;
• The sustainability assessment tool allows data to be included from outside the company 
boundaries, which makes it more useful to prospective product development.
Table 3 highlights a number of scenarios and suggests the correct tool that should be used.
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Table 3: Scenarios where the RAM and sustainability tool shotdd be used
Scenario Tool to be used
Introduction of a new product Sustainability assessment tool
Comparison of similar use products Sustainability assessment tool
The company is considering introducing a product Sustainability assessment tool
Products that contain a particular component that 
could/has become a legislative issue
Sustainability assessment tool
More than one aspect of a product’s life cycle needs to be 
highlighted
Sustainability assessment tool
More than two products to be analysed Risk assessment matrix
Consideration of products of different type Risk assessment matrix
2.3. Final stage of analysis of sustainability assessment tool
Interesting findings have resulted from work on the sustainability assessment and RAM 
application, but a final stage of analysis was highlighted, to ensure a robust approach and 
maximum benefit. Understanding how the product managers - the users of both tools - rank 
the indicators selected for the sustainability assessment was important because the 
sustainability of the product was based on the priorities placed on the individual indicators. 
They were assigned by product managers and will be an important reflection of the emphasis 
that is placed on certain aspects of a product assessment. Shell product stewards were also 
asked to reflect the opinions of customers because confidentiality and time constraints meant 
it was impossible to contact customers direcdy. The product stewards were believed to have 
the closest customer relationship and so could reflect their interests most accurately. It is 
accepted that the rankings will be dependent on those involved and the timing.
Shell’s product managers and stewards were asked to study the indicators listed in Table 4 and 
choose the indicator that was most important for analysis from each of the three categories, 
environment, economy and society. They were then asked to rank the most important as 5, 
and then rank the rest on a scale of 0 to 5^ . The indicators were ranked initially within their 
categories and the figures were added to column 2 of Table 4.
Product managers and stewards were then asked to reconsider all the indicators^ and rank all 
the indicators on the scale of 0 to 5. This time they did not need to pay attention to the 
different product categories. The rankings were added to column 3 of Table 4.
 ^0 being of no relevance; 5 being of high relevance.
* Again, they were advised to start by choosing one of high importance.
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Table 4: Ranking of indicators by product jnanagers
Column 1 Column 2 Column 3
Indicator Ranking relative to 
indicators of the 
same category
Ranking relative to 
all indicators
Energ}" use
CO2 emissions
Other emissions to air
Impact on water supplies — amount 
required, impact if spilt
Environmental fate and effect
Use of non-renewable materials
Recyclabiht}"
Amount of waste to landfill/special 
waste
Biodiversity reduction
By-product utilit)^
Perceived risk
Effect on society’s healtii
Product leads to reduced employment
Likelihood of employee injur}-
Restriction on product availabilit}-
Impacts on changed usage behaviour 
due to characteristics of product
Need for employee training
Meets legislative requirements
Product benefit: convenience
Cost of labour
Cost of material inputs
Effect of stakeholder intervention
Profit from the product
Price of the product
Likelihood of reduced performance
c0)
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The results are, so far, inconclusive, but a number of general findings emerged.
Vdien the indicators were ranked on the basis of environmental considerations, CO, 
emissions, other emissions to air, impact on water supplies and environmental fate and effect 
were awarded the highest scores. The social indicators, which were affected by legislation, 
also scored high. Profit and price of the product were the most popular in the economic 
sector. Not surprisingly when dealing with petroleum products, recyclabilit)  ^and biodiversity 
reduction scored the lowest. We would not have expected that to be the case if product 
managers of renewable and environmentally-acceptable fuels had been approached. For the 
social considerations the indicator relating to reduced employment scored the lowest. The 
cost of labour and effect of stakeholder interv'^ention scoring the lowest for economic effects. 
These findings are demonstrated in Table 5.
Table 6 demonstrates the findings when the indicators were ranked against each other''. 
NXTiether tire product meets legislative requirements scored the highest of all with reduced 
employment and biodiversity scoring the lowest. The results in Table 5 and 6 demonstrate a
With no ségrégation into the different categories.
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degree of similarity between the indicators being ranked with, and without, reference to the 
categories.
Table 5: Indicators ranked according to sectors
Environmental indicators Social indicators Economic indicators
15- M-
14
Meets legislative requirements
14
13 13
12 12- Price of the product; profit 
from the product
C02 emissions; other emissions to air; 
impact on water supplies; 
environmental fate and effect
11
Product benefit: convenience
11-
10
Likelihood of employee injury; 
effect on societv’s health
10-
U, 9- o : 9-
12c
Likelihood of reduced 
performance
Energy use; amount of waste 
to landfill/special waste
g  8-
g
Restriction on product 
availability
ro 8-
Cost of material inputs
Use of non-renewable 
materials; by-product utility
u , . Impacts on changed usage behaviour; 
need for employee training; perceived
O  ,-
6 6-
5- 5-
Cost of labour; effect of 
stakeholder intervention
Recyclability; biodiversity 
reduction
4- 4
' b - - - -  ", ------ :-----r--------" i '-'-.........
3
2-
Product leads to reduced
employment 
------------- ,------ ;-----^ ----- ,----- ---------
3
2- ---------- H 1---------------1------------- d
Table 6:lndicators ranked against each other - with no consideration of sectors
1 2
11
1 0
9
8
7
6
5
4
3
2
1
0
M eets legislative requirem ents
Impact on water supplies Environmental fate and effect Other emissions to air Profit from the product
0 0 2  em issions Effect on socie ty ’s health Price of the product
Product benefit: convenience Energy use
Likelihood of employee Injury Likelihood of reduced performance Amount of waste to landfill/special waste
Use of non-renewable materials By-product utility Perceived risk Restriction on product availability
Impacts on changed usage behaviour Need for employee training Cost of material inputs
Effect of s takeholder intervention C ost of labour
Recyclability
B iod iversity reduction Product leads to reduced em ploym ent
%----------------------------- ^ ^ ---------------------------------------- ,--------------------------- :---------------- ,— — ------------------------------ r
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Once all the rankings have been received the information will be studied to see how it can be 
integrated into the tool. It may involve adding weights to the indicators or simply be included 
as a guide to show how certain indicators should be given greater consideration. The work is 
ongoing and will be completed by the end of April.
2.4. Testing of process indicators
Process indicators were developed to apply to the Sakhalin project case study^ ®. It is now 
useful to re-visit these indicators to assess their validity. Unfortunately, it is impossible to 
make assessments based on the Sakhalin work because of internal political and technical 
difficulties. Therefore, the testing has focused outside the Shell group, which also means they 
can be applied to other industries.
The indicator set will be compared to ones prepared for a number of organisations including 
Rio Tinto and BP. By looking at the indicators they have developed and successfully applied, 
it will be possible to ascertain the suitability of the process indicators. Focusing on corporate 
indicators wiU demonstrate how top-level guidance within the companies is being filtered 
down to work at the lower levels. Focusing then on the local level and the process indicators, 
developed within this project, will highlight how approaches differ between and within 
different companies. This work, which is ongoing, is due to be finished by the end of April.
2.5. Journal submissions
A paper has been submitted to the Journal of Industrial Ecology.
Abstract for Journal of Industrial Ecology paper
A sustainability matrix has been developed to show the environmental, social and economic 
effects of a product. It aims to be quicker and more cost-effective than a conventional life 
cycle analysis (LCA) by focusing on specific areas of concern through the product life cycle, 
and then comparing products by ranking their effects. The paper describes the development 
of the sustainability assessment tool and gives a working example, which compares the 
sustainability of a biolubdcant^^ with a conventional, mineral oil-based product. The findings 
demonstrate that, although the environmentally-acceptable product is more favourable in a 
number of areas, the difference between the two is not as distinct as might have been 
expected.
A submission has been made to the 2003 Engineering Doctorate conference.
Abstract for EngD conference 2003
In 1987, the Brundtiand Report put forward the general concept of sustainable development 
(SD) that has become most widely accepted. It described SD as a way of meeting the needs 
of today’s society without compromising the needs of future generations. There are two 
major commitments associated with SD. The first maintains opportunities for future 
generations; the second ensures that progress in one direction of the environment, economy 
or society does not impact negatively on the other categories.
To be aware of progress on all these points, a measurement tool is needed. Indicators are the 
most appropriate way of assessing the sustainability of products. This study focuses on the 
petroleum industry and the environmental, social and economic indicators that have been
See 6-month report April 2001 and EngD 2 year dissertation.
" An ‘environmentally-acceptable’ hydraulic fluid meeting Swedish Standard SS 15 54 34.
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developed to reflect the effects of the industry’s products. The indicators are based on 
theoretical and empirical approaches and the findings show that moving away from risk-based 
assessments to stakeholder-led analysis provides a novel contribution to awareness regarding 
the future of product measurement.
A journal paper that covers the development of product indicators will be submitted by the 
end of June 2003.
3. Project progression
Having completed a significant amount of practical work the project has entered its final 
phase. The intention is to have a thesis — Volume I — accompanied by supporting documents 
-  Volume II. Table 7 provides a guide to the thesis content. It includes an overview of each 
section and highlights points that wiU be made in each chapter. This structure will be further 
developed by the end of April to include an indication of the sequence of arguments.
A Gantt chart is included in Appendix I that demonstrates the timings for completion.
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1. Introduction
This six-month report marks the completion of the Engineering Doctorate project at Shell 
Global Solutions. Attention has been placed on the development and application of 
sustainable development (SD) indicators. Work began in 1999 with Roland Clift and Walter 
Wehrmeyer as academic supervisors; the industrial supervisors have included Steve 
Thompson, Huw Davies, Ian Voges and predominantly Linda Brewer who are all related to 
implementing SD within the Shell Group. The project has seen a journey involving increasing 
depth of knowledge regarding SD, focusing on the specifics of indicators, learning how to 
look beyond practical work to look at the deeper meaning and learning how to deal with 
people in all manner of contexts. The journey now enters its final phase with the write-up of 
the portfolio (can also be referred to as a thesis or dissertation). The portfolio includes 
information on how the journey unfolded, why certain decisions were taken and the 
contribution to knowledge, in academic and industrial terms.
This report explains the stmcture of the thesis to demonstrate how all the information can be 
included and communicated effectively. This overview will form the basis for the executive 
summary of the final thesis.
2. Overall structure of the portfolio
The portfolio has been arranged into three volumes to assist in its understanding.
Volume I contains the executive summary and main argument of the thesis that is separated 
into eight chapters. The project concentrated on discovering an effective method of assessing 
a number of decisions within the context of SD. It reconciled existing conceptual SD 
indicators to meet the need for practical use in industry and culminated in the development of 
a tool that concluded quantitative and qualitative assessment.
Volume II contains the information and work on the case studies that constitute the 
empirical side of the work. Information on the assessment of SD for process sites is covered 
in Sakhalin case study one. The first work on product assessment is explained in the RME 
biodiesel case study two. Further work on product assessment is given in case study three that 
looks at the environmentally-acceptable fluid analysis and this leads into case study four with 
the assessment of the Swedish portfolio. This volume contains the detail behind the work 
that is outlined in Chapter seven of Volume I.
Volume III presents the supporting documentation of six-monthly reports and conference 
and journal submissions. These are included to demonstrate the progression of the project 
over the four years and highlight the contribution to knowledge of the project through its 
acceptance and presentation to peer reviews.
Conference papers: Sustainability across the process chain
Paper submitted in association with a presentation at the 
Environmental Technology conference at Brunei University, 
September 2000
Identification and development of indicators in the process 
industry
Paper submitted in association with a poster presentation at the 
Environmental Technology conference at Surrey University, January 
2002
Integrating social concerns into the decision-making process 
associated with the petroleum industry
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A paper and presentation was made at the June 2002,10* 
International Conference of the Greening of Industry Network, 
Gothenburg. The theme was Corporate Social Responsibility — 
Governance for Sustainability.
The inclusion of social concerns within the decision-making 
processes of the petroleum industry
The paper was submitted in association with a presentation in July
2002 at the Corporate Social Responsibility and Environmental 
Management Conference, held at the University of Leeds.
Sustainable development indicators for product assessment 
Was the paper presented in association with a presentation at the June
2003 Environmental Technology conference at Brunei University. 
Journal papers: A sustainability assessment of a biolubricant
Sbmitted in December, 2002 to a special issue of the Journal for 
Industrial Ecology, which examines the environmental implications, 
good and bad, of increased use of bio-based materials and fuels. The 
paper exploring the work associated withcase study three on 
environmentally-acceptable hydraulic fluids.
A decision support tool for sustainability assessment 
Submitted to ...
The following explains Volume 1 in more detail because this contains the central explanation 
of the work on the project.
3. Structure of Volume I
The volume is separated into eight chapters that distinguish the different aspects of work. In 
the following explanation the areas where the main arguments of the portfolio are mentioned 
are coloured to highlight how the themes run throughout the portfolio, the colours are 
assigned as follows:
• The meaning of SD and sustainability;
® Reference to people’s values and their importance on SD and development of indicators. 
Key phrases for the argument supporting the thesis are highlighted in bold.
3.1. Introduction
The introduction provides a background to why the work came about. It includes 
information on the start of the sustainability movement with the development of Agenda 21 
and the sections from the Earth Summit that related to business. It also includes explanation 
from leadng companies of their realisation that they need to include SD in their decisions. It 
wiU go on to describe what this means in terms of the petroleum industry with the use of 
Brent Spar as the major catalyst for change. This is followed by a brief overview as to why it 
is important for Shell to be involved with such matters because of modern society’s 
dependence, its basis on non-renewable materials and high emission levels. A change in the 
petroleum industry has significant effect environmentally, socially and economically and this 
needs to be measured to ensure damage is minimised. The section presents an overview of 
each chapter to demonstrate how the need for measurement in the petroleum industry has 
been addressed by the project. There is also a summary of the research objectives, benefits to 
the industry and academic community. The key issues that must be addressed for the research 
objectives include: understanding SD, understanding what is meant by a ‘sustainable business’,
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methods of measuring, development of effective indicators and framewrk and development of 
a tool for application. The key issues make up the main chapters -  as indicated by the titles.
3.2. Chapter one -  Understanding sustainable development (SD) and sustainability
3.2.1. The meaning of sustainable development and sustainability
Chapter one focuses on exploring the meaning of SD and sustainability from a general 
perspective. It explores how business has been encouraged to undertake SD initiatives but 
there is little understanding about what it actually means, in a similar way to terms like justice, 
democracy, liberty and style. SD and sustainability are often used interchangeably, when they 
really mean very different things. Sustainability is more about the state where SD has been 
achieved, whilst SD is about heading towards sustainability. This is highlighted in the 
portfolio with the use of a Venn diagram where the aim is to maximise the middle crossover 
section — sustainability -  of the three circles denoting environment, society and economy. 
Definitions of SD all stem from the original Brundtland definition but this is difficult for 
business to ‘come to grips with’. It is important that different groups explore and define what 
SD means to them from their particular perspective. This is beginning to happen as moves 
are made towards operational implementation of the term. Definition will change over time 
as people’s values alter and adjust to circumstances. There are two underlpng themes 
associated with SD: the existence of three aspects (environment, society and economy) and 
consideration of inter- and intragenerational equity. There are two ways that sustainability  ^is 
referred to in literature, one regards the morals and values behind SD and the other — 
preferable — is that it refers to a sustainable system that persists. The existence of a sustainable 
system that persists links back to people’s values because it must be based on people’s 
perceptions.
The aim of this section is to explore what is needed for an organisation to be sustainable. It 
starts off by explaining that companies need to get away from thinking that SD is just an 
extension to their environmental management operations and that social concerns are not 
effectively addressed by making charitable donations. It goes on to describe what the 
pressures for change are, in other words why a company should change its current practice. 
These pressures involve a great deal of stakeholder pressure so it is important for a company 
to organise the values that guide and judge the business. The section describes how ethical 
theor}' is separated into deontological and teleological perspectives and that both theories 
influence the operation of a business. There is another important point to make regarding 
value and business and that is in the use of the term. It is a term that is used in a number of 
contexts from the market price of a good to the importance people place on tilings. The term 
is used interchangeably and -  occasionally -  confusingly, examples are included to highlight 
where this has occurred in literature. The close relationship of the term to SD must be 
recognised and explored.
The section goes on to exlore the benefits that an organisation can experience from working 
towards SD. These are grouped into option creation (or flexibility), cost leverage, stkeholder 
preference and risk reduction. The social aspect has been the most difficult for business 
to come to terms with because of the difficulties associated with its recognition and 
measuring. The section goes on to describe how SD has been achieved by a number of 
leading companies and the operational levers are identified — these are the issues that 
companies have addressed to move towards sustainability. Findings of this research 
demonstrate that there are currently few initiatives to develop tools to implement SD. There 
is management commitment but it appears to be a PR campaign without the
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supporting data. Therefore, attention needs to be placed on measuring the lower, 
operational levels of an organisation to turn the management commitments into 
reality.
3.2.3. Application of sustainable development within the petroletim industry
This section explores how the context of SD has been applied within the petroleum industry. 
This helps to highlight the areas where the industry is missing vital gaps of work on SD. The 
section begins by highlighting how important petroleum is to the quality of life enjoyed by 
modern society. It explores how the pressures for change (explored in the previous section) 
apply to the petroleum industry. The operations of a number of companies are then described 
(Suncor, Unocal, Statoil, Conoco, British Petroleum, Shell) that highlight a range of company 
sizes, operating environments and styles. An overview of the company followed by 
explanation of the operational levers (again — explored in the previous section) that have been 
‘puUed’ in the move towards sustainability. More attention is placed on explaining the 
situation within Shell because this is the sponsor company of the research. Attention is placed 
on the individual business units with the production of strategies and the initiatives on SD that 
are occurring at the group level, including KPls and the management framework. The section 
is then summarised by highlighting that the petroleum industry have not received much 
guidance to date. The industry’s companies have a range of sizes that effect how they respond 
and react to SD (smaller more aggressive and quicker). The decentralised nature of Shell 
makes it difficult to have a consistent plan of implementation for SD. Therefore, two levels 
of SD are needed: one at the top-level that deals with corporate issues and the second 
focusing on products and processes and how local issues feed into the global impacts 
of the company.
3.2.4. Defining sustainable development (SD) and sustainability for the petroleum industry
This section progresses from earlier in the chapter by highlighting that despite the fact that SD 
is difficult to define it is possible to achieve it by focusing on a certain perspective, which in 
this case is from the petroleum industr}^ The definition of SD and sustainability will provide 
the boundaries for meaningful measures. In this context, SD refers to the petroleum 
industry ensuring that the use and demise of oil reserves does not lead to negative 
impact on people’s quality of life, now and in the future. This definition incorporates the 
issues highlighted within the section in terms of inter- and intragenerational equity, the balance 
of environmental, social and economic concerns. Sustainability requires all three aspects 
of SD to be achieved simultaneously (environmental, social and economic) -  demonstrated 
by the Venn diagram in chapter one. The section then sums up the key statements that have 
been made in the section, including the fact that business find the social aspects difficult to 
deal with because of the need to encompass people’s perception etc. that present a major 
change to traditional scientific and economic analysis. Current work focuses on the aspects 
that are easy to deal with, the petroleum industry must recognise the importance 
placed on it by modem society and work to ensure that future generations do not 
suffer from lack of non-renewable resources. Any work on SD associated with the 
petroleum industr}  ^cannot be based heavily on retaining materials for future generations 
(because it is a non-renewable resource); instead, it must focus on finding technological 
innovations for future use.
3.3. Chapter two -  Introduction to sustainable development (SD) indicators
Assessing decisions is difficult to achieve because the concept of SD and sustainability are so 
difficult to define. Therefore, a flexible measure is needed to help us measure progress on the 
subject. Sustainable development (SD) indicators provide the ideal tool for undertaking this.
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3.3.1. Measures
Terminology associated with assessing SD and sustainability" include data, targets, statistics, 
goals, indices, metrices, benchmarks and indicators. Each term is explained to avoid future 
confusion. Indicators present the most flexible method of measurement and monitoring, 
which means they are ideal for dealing with SD and sustainability^
3.3.2. Background to indicator development
For SD and sustainability to be successful its implementation had to be accompanied by 
effective measurement (a quote from Agenda 21 is included). Different teleological and 
deontological perspectives of SD tend to be taken by government and industry^ Therefore, it 
is useful to consider their work on the subject of indicators separately. A great deal of work is 
currently undertaken within government (local, national and international) circles. There is 
debate over whether political or industrial circles should influence and lead the path towards 
sustainability^ This was highlighted at the Johannesburg conference where government 
officials were calling for industry/s intervention. However, the political and industrial need for 
SD is really about very" different factors. Government initiatives have clear boundaries — 
usually set to geographical issues -  and the roles and responsibilities are clear. Their 
primary" objective is to ensure that every"one within their jurisdiction can enjoy a suitable 
quality" of life now, and in the future. There are a number of examples of locally developed 
community" indicators being fed into national initiatives and converting the national measures 
into meaningful local points. Industry can learn from these points. These ‘local’ 
initiatives on sustainable measures must feed into the bigger picture of the company 
as a whole, otherwise they are not necessarily helping to change and guide the 
company. The relationship between consumers and industry is very^  important and it is vital 
that the same language and values are shared. Vfliat is ‘sy-nthetic’ or ‘biological’ within the 
industry must correspond with that of their consumers otherwise issues of transparency and 
trust can have repercussions on the sundval of the business.
3.3.3. Indicators of sustainable development (SD)
Indicators provide concentrated information, which otherwise would require a significant 
amount of data. There are different types of indicators including prescriptive, descriptive, 
leading and lagging. Ideally an indicator set should have a mix of indicator ty^ pes to make sure 
that there is allowance for the full range of data to be reflected in the assessment. Any 
indicator development must bear in mind who the information is to be communicated to.
The audience of an indicator is particularly important because we measure what we 
care about and come to value what we measure. The very act of deciding what and 
how to count involves value judgements that must be explained. The proliferation of 
indicators probably reflects the multifarious nature of SD and sustainability and so it is useful 
to consider the examples of indicators separately because they are likely to be treated 
differently between industry and government.
3.3.4. Examples of sustainable development (SD) indicators
Use of indicators by government tends to occur at a local level where roles and responsibilities 
are clear. Local measures often feed into the national initiatives and that is useful in providing 
a continuity" and standardisation to the measurement process but there is room for local 
people to select their own specific indicators. Current initiatives by industry tend to focus 
on environmental management and meeting legislative requirements when in fact a 
company needs to look beyond these issues and take a more long-term perspective. 
There is often a lack of meaningful progress made after measurement has occurred. The 
information may be present but industry" does not always know how to turn the information
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to their advantage. Increasingly external agencies are analysing industry with indicators that 
reflect progress towards sustainability, including the Dow Jones Sustainability Group Index 
and other ethical investment organisations. There is also an increase in the consideration of 
supply chain initiatives and their sustainability. Measurement of the petroleum industry is 
complex because it is based on an unsustainable resource. The environmental damage of 
the operations is significant. This is coupled with the fact that it produces high 
emission levels that will outweigh the demise of reserves far sooner than they are 
depleted. Indicator development must reflect this complexity of the industry. The industry 
and government indicators are then compared to reveal similarity between environmental 
measures, industry lacks social measures and economic indicators by industry tend to 
emphasise short-term industrial survival, as opposed to economic impact of the operation 
now, and in the future. Emphasis by both tends to be placed on lagging indicators and 
industry could learn from the government initiatives such as focusing at local level 
measurement and involving the community.
3.3.5. Understanding the barriers to indicator development
Indicators cannot tell us everything about the system in question; they will be the ''’‘map not the 
territorf' (Fricker, 1998). A lack of appropriate data may result in missing vital information. 
This should not be taken to mean that indicators should be based only on available data, 
because it is possible to fill gaps with qualitative information, which helps to avoid producing 
a world of quantity without quality. You cannot assume that because you have a number you 
have a good indicator. It is easy to find numbers that tell us about the magnitude of 
something: number of inhabitants of a city, vehicle miles travelled. What is much harder to 
develop are numbers that tell us about quality. Government indicators involve a wide range 
of stakeholders who will all want emphasis on different issues. The difficulty is that achieving 
consensus usually produces a set of indicators that do little to challenge prevailing practices. 
Environmental indicators are the most common measures currently used by industry, which 
reflects the poor understanding of what SD and sustainability really mean and how they apply 
to business. They are often over-simplified and mostly include material and energy 
consumption with some emission data. Lack of empirical examples of indicator use within 
industry is a major problem.
3.3.6. The importance of indicators in the petroleum industry
SD refers to the fact that the petroleum industry must ensure the use and demise of oil 
reserves does not negatively impact on people’s quality of life, now and in the future. 
Sustainability requires all three aspects of SD to be achieved and sustained 
simultaneously. Production of petroleum products must ensure maximum benefit is 
obtained from the non-renewable components and attention must be placed on 
finding renewable alternatives that maintain technical excellence and usability for the 
consumer. Indicators must be based on these statements to ensure progress continues in the 
right direction. The statements remain constant but the indicators can change to ensure the 
best decisions are made.
3.4. Chapter three — Creation of sustainable development (SD) indicators
A number of key questions must be answered to understand development of SD indicators:
• What makes a good indicator of SD?
• How many indicators should be selected?
• What types of processes have been used to create indicators of SD?
• What is an indicator framework?
• How should the indicators be communicated?
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3.4.1. Desirable characteristics of indicators
There are a number of characteristics that can be highlighted as being essential to indicator 
development (presented in a table and linked to EngD, GIN and Leeds conference papers in 
Volume II of thesis). The characteristics have been placed with an evaluation matrix to allow 
for each indicator to be assessed based on its ‘suitability’. It is simple to list what 
characteristics are ideal but it is also important to have a framework available to guide 
indicator selection). SD indicators require a way of linking the three concerns but this 
does not mean endless lists of data. A few insightful and compelling indicators are far 
more effective and useful for communication purposes. The indicators should present an 
integrated picture but the distinct groups should be clearly visible to demonstrate that all 
relevant issues are considered. When indicator sets are communicated they are occasionally 
accompanied by a brief description of the methodology that was used to create them. These 
processes are important because they provide valuable guidance to any person or group tasked 
with developing indicators. The process must be carefully explained so a similar method can 
be used each time to provide a level of standardisation to the procedure.
3.4.2. Conceptualframeworks
This section looks at the frameworks that have evolved to guide indicator development.
There are three types of frameworks in existence. Firstly, topic-based group the indicators by 
their concerns: the environment, society and economy. These frameworks do not always 
make linkages between the concerns clear. Goal-based frameworks place the indicators in a 
matrix and demonstrate how each applies to aU the goals of sustainability, which helps in 
demonstrating where indicators have multiple goals. The pressure-state-response model is the 
most popular but it is difficult to tell whether an indicator is a pressure, state or response. It 
tends to suggest a linear relationship, which cannot really apply when considering SD 
initiatives. The section goes on to explore examples of sustainability-based frameworks -  the 
GRI (topic-based) and IChemE (topic-based) -  these are summarised and the advantages and 
limitations are highlighted. The environmentally based indicator framework (the WBCSD) is 
also explored and the socially based framework (AAIOOO). By investigating the frameworks in 
use to date demonstrates that the petroleum industry needs one for internal and external 
decision-making. The framework should be based on what SD means to the 
organisation. It should not require significant amounts of data and the supply chain 
of the individual product or process should he explored.
3.4.3. Communicating the indicators
Once a final set of indicators has been selected, this information must be available in a format 
that can be used by all those who are interested in it. All findings must be summarised in a 
clear, well-organised manner that addresses the diverse needs of those audiences. There are 
numerous ways to communicate the findings of any SD indicator project. Most fall into two 
categories: matrices or graphical metrics. A matrix arranges numbers in rows and columns, 
each referring to a different issue, point in time or stage in a process. A graphical metric 
mostly displays information in the form of a circle or compass and is a quick visual aid to help 
a company to make a decision. The purpose of this section is to demonstrate how measures 
of SD issues/concerns are presented and communicated. It helps to focus attention on what 
sort of measure would be of most use for the industry. The section starts by explaining why 
reporting is so important to companies and the pressures that are driving the reporting (link 
back to pressures for change for SD implementation). Then an overview of an investigation 
on sustainability reports of fourteen petroleum companies is included. A number of 
conclusions can be made from the reports including: company reports that included indicators 
and standards presented a better level of communication, those based on principles left a
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feeling of all talk and no action; the reporting and communication methods tend to reflect 
western values; HSE data use is well developed in petroleum companies; indicators used are 
often on a snapshot basis that is not ideal and should be linked to past and future 
performance; social measurement is not well developed with a tendency for the companies to 
believe that attendance at global fora and community donations being sufficient. The reports 
do need meaningful measures to ensure they have a sufficient level of substance 
behind them. Therefore, a method of measurement that can be used internally and 
externally would greatly help the transparency of the business.
3.4.4. Summary of considerations and development of effective indicators
A summary of the previous two sections to show how the work undertaken in the EngD 
project can meet a number of gaps within the academic and industrial community. The 
indicators provide a flexible tool with allowance for a range of data types and their ability to 
measure quality and quantity. Definition must be taken from a particular viewpoint, which is 
why government and industry indicators have evolved — so far -  separately. A paradigm shift 
is needed within industry for an acceptance of its ethical and social responsibilities. Society is 
interested in more than the economic effect o f a business. How it affects the quality of life 
and future generations is often far more important. Indicators for industry must really 
consider the perception of its operations within society. Currently the petroleum indicators 
tend to be developed at the corporate level and treat the impacts of the business as a whole.
In doing this, there is the danger of missing key information that could have serious 
repercussions on the business. The petroleum industry can overcome the barriers to 
indicators by understanding exactly what SD and sustainability means to its operations, as 
explored in Chapter one. This provides the end-point or goal for the indicators to work 
towards.
3.5. Chapter four -  Methodology for determining indicators
It is important to explore how decision-making is undertaken in terms of SD and industry to 
ensure that the indicators developed wiU meet its basic aim. One of the initial steps in 
indicator development is the selection of a conceptual model or framework and a process to 
guide indicator development and selection.
3.5.1. Decision-making
It is important to understand how the indicators wiU be used to ensure their selection for the 
petroleum industry is the most appropriate. Decision-making can be described as a process of 
consideration used to arrive at a determination or conclusion. People generaUy make 
decisions that are consistent with their personal values, or worldviews, such as wealth, security, 
happiness and equity. Work on SD and sustainabiUty wiU change the method of reaching 
decisions within organisations in a number of situations. There is increasing pressure to 
include stakeholders within the process. Surrounding communities are one example that is 
increasingly consulted and engaged when deaUng with new products and processes. This 
means business decisions are increasingly moving towards multiple decision-makers. This 
strengthens the importance of developing an effective decision process. Decision-making 
methods can be divided into concepts and tools. A concept in this case is an idea about 
how to achieve sustainability.
A tool is an approach that typically consists of a systematic step-by-step procedure and 
a mathematical model. Tools tend to be more structured than concepts, which do not 
identify a specific methodology. Combinations of tools and concepts tend to be used to 
provide as responsible an outcome as possible.
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3.5.2. Methodolog)! for indicator development
A methodology for indicator development in the petroleum industry is proposed. It consists 
of eleven steps and these are separated into three major stages of planning, developing and 
communicating. It also includes a step for review because the indicators produced should not 
be seen as static. They will need review and refinement to make sure they continue to reflect 
the values and meaning of SD and sustainability. Each step is explained in detail.
3.5.3. Indicatorframework
The GRI has produced a very useful indicator framework but with a couple of adjustments it 
can be made more applicable to the use of the petroleum industry. The framework has an end 
goal or concept that is definition of sustainability. The criteria are the concerns — environmental, 
social and economic — that guide progress towards the concept. The indicators then signify the 
criteria. The framework is different to GRI because it incorporates an identifiable end 
goal -  the concept. It is designed to be as simple as possible with the business value 
and operational levers explained in supporting documents. The indicators developed 
can be used internally and externally and there is consideration of the meaning of 
sustainability. Finally, the number of indicators is more limited. The process indicators 
are set into the categories developed by Shell: respect and safeguard people, engage and work 
with stakeholders, minimise impact on the environment, use resources efficiently, maximise 
profitability and maximise benefits to the local community. The product indicators are simply 
placed into environmental, social and economic categories. Each method is designed to be 
the most applicable to the likely method of communication (for example, process assessment 
is more likely to feed into the overall business analysis and product assessment needs to mean 
something to a wide variety of people internally and externally).
3.5.4. Discussion of the methodolog andframework for selecting sustainable development (SD)
indicators
Having a methodology that can be followed will ensure similar procedures are used despite the 
type of project. Similar procedures can ensure that even though the indicators themselves will 
change there is a degree of similarity between them that can be used to make comparisons.
The framework allows for selection of a concept to interpret SD and sustainability and what it 
means to a particular project. The criteria are the major issues that contribute to achieving the 
concept. The indicators measure how the project is performing in terms of the criteria. The 
inclusion of stakeholder concerns within the methodology ensures the indicators can remain 
focused and relevant.
3.6. Chapter five — Portfolio of indicators
This chapter is about the guiding principles for the selection and measurement of indicators.
It refers back to the findings in chapters one, two, three and four. Just as different 
industries need to develop their own understanding of SD they also need to suggest 
their own indicators. There is a need to move beyond top-level analysis to focus at the 
more detailed level where roles and responsibilities are clear. The objectives of 
developing the indicator set will then be explained that it was developed to continue the 
analysis of process sites so that Shell could move beyond one-off measurement during SIA 
and EIA. The product indicators are intended to help Shell rationalise their product portfolio 
and look to the future implications of the materials they are involved with and just produce 
and market the most suitable (in terms of the definition of a sustainable product). The 
intended audience of the indicators at the process level are the process managers — to guide 
their everyday decision-making -  and the local communities to help the assessment of whether 
the existence of the site is damaging their quality of life. The product indicators are developed
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for product and technology managers to make a comparison between two (or more) products 
in order to choose the most ‘acceptable’. The indicators are based on unsustainability. 
The information is also to be used externally to demonstrate how decisions within the 
company are made and increase the transparency of Shell. Each indicator is explored and 
assessed against the characteristics matrix. Finally, there is a discussion regarding the 
difference between the product and process indicators that have been developed associated 
with the project. The process measures tend to focus on the impacts of the operation 
on employees in terms of job and wage levels, working hours, and local employment 
levels. These are probably the areas that have been covered least by previous measures. In 
contrast, the product indicators focus on consumer impacts in terms of reduced 
performance and perceived risk. Again, this is probably the area that has received the least 
analysis previously.
Each indicator is explained in a table explaining the reason behind the selection of the 
indicator, its aim, how it is measured and its evaluation.
3.7. Chapter six -  Methodology for communicating the indicators
The purpose of this chapter is to demonstrate how the indicators can be used as a key 
decision-making tool.
3.7.1. The need for a sustainability assessment tool
This section explores how it is important to have a way to provide a very quick graphical 
representation for decision-makers to use. Indicators alone require a significant level of 
information and data interpretation that can take a considerable amount of time. By 
providing a tool where decision makers can make a quick assessment is much more useful 
(link back to chapter six). It can also help in external communication and areas where internal 
decisions have to be explained between departments, for example between research and 
marketing offices. However, it is important that the more detailed level is still available 
if necessary. A sustainability assessment tool can be used as an internal and external 
communication tool. It must be simple, communicative, relevant, and quick with 
detail in case of a need for more explanation.
3.7.2. Sustainability assessment tool
This section will provide an overview of how the sustainability assessment is carried out. The 
product indicators are used as a basis for product comparison. Comparison is used as the 
most appropriate form of assessment because it allows quantitative figures to be placed on 
qualitative issues (such as perceptions and values). A swing-weighting scheme is used of 
between 0 to 5, not too many numbers that the task seems impossible, but not so few that it 
appears the company is making light of the situation. 0 is classified as the best possible case; 5 
as the worst scenario for each indicator. Once the indicator rankings — on a scale from 0 to 5 
-  have been assigned the indicator scores for each stage of the life cycle are added together. 
The indicators are grouped into environmental, social and economic, and summed for each 
group. Each sum is then divided by the total score of unsustainability that could have been 
possible and multiplied by 100 to give the percentage of unsustainability for each product.
The final stage involves taking the unsustainability scores and subtracting one from the other 
to give a comparison of how sustainable one product is. The sustainability scores are then 
placed within a final decision table. This highlights the percentage differences between the 
products for the environmental, social and economic impacts at each of the relevant life cycle 
stages.
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3.7.3. Discussion of the tool
This section discusses the application of the tool (including the findings from the case study 
on environmentally-acceptable hydraulic fluid and Sweden’s product portfolio). The 
environmentaUy-acceptable case study has highlighted that the most environmentally- 
acceptable is not always the most acceptable. This is because of the social concerns that can 
be attached to the product, particularly in relation to the economic issues of a product that are 
out of the control of the company -  taxes etc. It has also demonstrated how important it will 
be based on the geographic location of the assessment; this is reinforced by the work on 
Sweden’s product portfolio. The key concern in using sustainability to add to the 
attractiveness of a product is establishing the level that customers will accept price 
increases and (possible) performance losses in return for sustainability benefits. The 
sustainability assessment tool provides a simple and effective tool. It includes environmental, 
social and economic impacts; it is comprehensive without being time-consuming. It has a 
number of uses within today’s organisations. It can:
• Support decision-making;
• Identify and evaluate options for improvement;
• Benchmark against industry standards;
• Benchmark against legislation requirements;
• Track progress over time;
• Complement other tools, such as risk assessment matrices;
• Provide a means of communication with government agencies and communities;
• Provide information to others within the supply chain;
• Assist in building the business case for sustainable development.
Focusing on the impacts of the product level helps to ensure a company is moving in the right
direction towards sustainability. The information is meaningful through its ability to highlight 
the advantages of even the smallest changes in working practices. The tool provides a novel 
approach to product assessment. It is a step beyond the traditional analysis of qualitative 
risk assessment and brings in principles from the more involved, and costly 
environmental analysis of a life cycle assessment.
3.7.4. Weiffting the indicators
The product indicators have been checked with the product and technology managers 
throughout their development and analysis. They were invited to rank how relevant the 
indicators were in comparison to each other, based within the environmental, social and 
economic categories and relative to each other irrespective of their categories. It is possible to 
weight the indicators that were received to help understand how the decision making could be 
undertaken by the product managers based on their assessment of whether the environmental, 
social or economic indicators were more important. This uses the work that was initiated by 
chemical engineers and adapted by Hofstetter et al This work has been further refined within 
this project by assigning each point within the triangle as depicting an environmental, social 
and economic indicator. Analysis was based on the three categories of indicators collectively, 
and by selecting the most popular indicator for each cateogory. Based on the weightings 
received by the product managers it is possible to demonstrate how the trade-offs 
between the different issues for product comparisons may be undertaken.
3.8. Chapter seven -  Case studies
The case studies have provided an opportunity to investigate social impacts and stakeholder 
concerns. Therefore, they are looking at very different social aspects. In addition to this, they
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are focusing at a product and process level that will have different considerations in the 
formation of sustainability indicators. They highlight issues that are not apparent from the 
theoretical work (such as the need for linkages and the difficulties associated when 
confidentiality issues are introduced). The work involved in the case studies is included in full 
in Volume II.
3.8.1. Sakhalin — process assessment
The work on Sakhalin LNG site involved the assessment of the local labour force to identify 
specific skills, occupations and the extent to which local human resources would be available 
for the site. Involvement with this case study is important because it is a common area of 
analysis that is undertaken by the petroleum industry but often is left as a one-off process, a 
‘snapshot’. By undertaking a literature review of similar projects a number of lessons learned 
were highlighted, including the need for future monitoring. Therefore, a number of 
indicators were produced that dealt with the social concern of operation of the process site. 
The case study highlighted the complexities of the linkages between indicators and 
presented a method for monitoring the social impacts of a process site.
3.8.2. Biodiesel—product assessment
This section explains the work on biodiesel that was undertaken during year two of the 
project. This focused on tackling the social assessment of product impacts. Indicators were 
developed intended to reflect people’s values and perceptions about a change in the fuelling 
system to one based on rapeseed oil. The work highlighted the complexity that can be 
experienced when trying to introduce stakeholder concerns into the decision making 
process, particularly when dealing at the lower levels of a company’s operation. Constant 
involvement in every type of decision that a company undertakes is time-consuming and can 
lead to apathy because of over-consultation. There are also issues of confidentiality that 
make stakeholder engagement processes very troublesome to undertake. The work involved 
assessing the social impact of the product on the basis of the SIA categories, this provided a 
useful framework for the discursive element of the investigation. A number of social 
indicators were produced that demonstrated the use of quantitative data to depict qualitative 
concerns.
3.8.3. Hydraulic fluid—product assessment
The hydraulic fluid comparison provided the initial example of applying a set of SD indicators 
to a product assessment. An environmentaUy-acceptable hydrauUc fluid and a mineral oU- 
based fluid were compared. Not surprisingly, the environmentaUy acceptable hydraulic fluid 
provides a real benefit in terms of environmental impact. This is largely due to the savings the 
fluid presents at a local scale. In sensitive environments the local ecological advantage means 
the environmentaUy-acceptable fluid should always be used. When the global impacts of the 
product are considered the difference is less distinct. The issue of price for the 
consumer is a major concern when dealing with bio-based materials. Government and 
industry need to work together to ensure the most sustainable product does not become the 
most expensive. The case study provided a good opportunity to present the usefulness of the 
sustainabiUty assessment tool. Focusing on the impacts of the product level helps to ensure a 
company is moving in the right direction towards sustainabiUty. The information is 
meaningful through its abiUty to highUght the advantages of even the smaUest changes in 
working practices.
3.8.4. Sweden portfolio — product assessment
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This section outlines the development and use of the tool with its application to a number of 
products from the Swedish portfolio. To test the tool it was applied to nine pairs of products 
from the Swedish portfolio. The aim was to investigate a cross-section of product types: 
industrial lubricants, food grade lubricants, metalworking fluids and fuels were all included. 
This ensures the tool applies to all type of product impact. From the 626 products within the 
Swedish portfolio those with the risk phrases were selected, then global and product managers 
were consulted for which products would be of most relevance and interest. The diesel fuel 
and the remaining product pair of hydraulic fluid highlighted the main issue associated with 
more ‘sustainable’ fuels of today and tomorrow: price. The key concern in using sustainability 
to add to the attractiveness of a product is establishing the level that customers will accept 
price increases and (possible) performance losses in return for sustainability benefits. The 
assessment included a mix of global, local, quantitative, environmental, social and economic 
impacts. It covered a wide range of data but the use of indicator ranking and a streamlined 
LCA approach means that less time and resources are required. At the same time, the tool 
has the flexibility to go into more detail. For instance, if a Product Manager actually wants 
information on whether to introduce a new product or phase out an old product, then there 
could be more focus on the crucial impacts by introducing additional indicators, and a more 
detailed analysis could be carried out. In some product comparisons there was little 
quantitative data available. However the analysis remains robust because a wide range 
of relevant social, environmental and economic aspects are taken into account.
3.9. Chapter eight — Final review and conclusions
This final section will summarise the findings from the research (those points in bold in the 
previous summaries). SD is a complex concept, liable to change over time as people’s values 
and perceptions change. The measurement of SD must therefore be flexible and able to cope 
with the challenge of measuring environmental, social and economic concerns now, and in the 
future. Definition within certain boundaries where roles and responsibilities are clear makes 
the task easier. Once the meaning of SD and sustainability has been agreed for a particular 
industry it is important to investigate what is currently occurring in terms of SD 
implementation. The research has shown a great deal of management commitment to SD but 
this has not moved very far into the operations of the business. The measures that are 
currently in use tend to focus on legal compliance and lack the long-term vision that is so 
important to SD. There is a danger of companies being portrayed as all talk and no action if 
there are not meaningful measures that demonstrate their involvement with the three 
concerns. There is also a need for the local impacts to be considered in the measurement 
process, not just the corporate top-level area, although this is also important. A method of 
measurement that can be used internally and externally and feed into the top-level measures 
would be of most use. Therefore, this project focused on development of indicators that can 
be used in relation to products and processes but also correspond to the categories of 
investigation used within corporate measures. Application of the indicators has proved the 
importance of the values and perceptions present within society, a fundamental aspect to 
development of a sustainable measure. The indicators have provided a useful decision making 
tool for the petroleum industry in terms of rationalising products and looking towards the 
future of the industry’s survival.
4. Final deadline
The deadline for completion is the 30 September. By this date the first draft of the thesis will 
be completed. A spoken viva wiU then be organised with external and internal examiners 
ready to move towards final completion and pubUcation of the EngD thesis in Surrey 
University Ubrary.
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Abstract
An accurate assessment of sustainability across the process chain has, to date, been limited. 
Current tools that are available for today’s companies tend to focus on one aspect of 
sustainability. The methodology under development that is presented in this paper is an 
attempt to address all aspects of sustainability. The methodology uses a variant of Life Cycle 
Assessment (LCA) which includes the environmental burden and social performance of a 
process or company in relation to its economic aspects, through the use of methods 
developed by Unilever (Overall Business Impact Assessment) and ICI (Environmental 
Burden). It provides a step towards explicit assessment of the environmental burden and 
social performance, and their associated costs, that are often overlooked in current decision 
making processes.
Keywords: Life cycle assessment, decision making, environmental burdens, social 
performance. Shell
1.0 Sustainability Across The Process Chain
With the interest in sustainable development growing in today’s companies, there is an 
increasing need for a method by which a company can demonstrate and assess the 
sustainability of its process chain. This can assist in the pursuit of competitive advantage and 
identification of costs savings within process chains. The methodology which is proposed to 
be developed here is based on a development to Life Cycle Assessment (LCA) and is an 
opportunity for sustainable development to be incorporated into a company’s decision making 
processes. The key area of development that the paper signifies is in regards to consideration 
of social performance indicators. To date, work on LCA has tended to be focused purely on 
environmental burdens, which has occasionally been tied to economic valuation. The 
methodology briefly discussed in this paper suggests an approach that will encompass the 
three aspects of sustainable development (eco-centric, socio-centric and techno-centric 
concerns). Thereby using LCA to develop the social sphere of sustainable development with 
useful indicators. This, in turn will assist with a representation of sustainability across the 
process chain.
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2.0 Life Cycle Assessment (LCA)
Most products in the marketplace today require a large variety of production, distribution, use 
and disposal processes. Each process can produce a diversity" of emissions and each emission 
has a very specific effect on the environment. The complex interaction between a product 
and the environment can be analysed through Life Cycle Assessment (LCA) (Hanssen, 1995). 
LCA can be viewed as a tool, process or approach to environmental decision making 
depending upon how it is undertaken. LCA can take a number of forms depending upon its 
methodology and proposed use. There are two main codes of practice associated with LCA. 
One has been developed by SETAC (Society of Environmental Toxicologt" and Chemistiy"), 
but ISO standards have also been formed for LCA within the ISO14000 guidelines for 
Environmental Management. ISO14040 describes the principles and framework, and 
ISO14041-3 describe the stages of the LCA. These standards are fairly broad and leave space 
for a great deal of interpretation. The two codes of practice both detail that there are generally 
four stages to LCA. The individual stages are briefly described in the following sections.
Z / Goal Definition and Scoping
This is the stage where it is ascertained what the LCA will be focusing upon and is where tlie 
system boundary and functional unit are defined. This is a veiy" important aspect of LCA as 
the scope of the system boundaiy" and functional unit has a direct effect on the outcome of the 
analysis. The system boundaiy" holds importance because it must be set to include all key 
impacts of the product upon the environment, and yet not include unnecessar}" information. 
L’igure 1 illustrates the relationship between the process chain and the system environment.
Figure 1 : The Relationship Between The Process Chain And The System Environment
SYSTEM ENVIRONMENT
inputs
Process
Chain
outputs
\ system boundary
Once the system boundaiy" and scope of the LCA has been set a flow chart is produced to 
assist with the identification of what data requires collection. An indication of a process chain 
is included in Figure 2. Data collection then focuses on the identified stages of the process 
chain.
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Figure 2: Stages Of A Process Chain
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This stage is the technical phase of the LCA and focuses on aspects such as the material and 
energy balance. The outcome of this stage is an inventory table, which includes the inputs and 
outputs from a system. It, therefore, includes information on all wastes, emissions and 
impacts that were defined within the system boundary. This table must be interpreted to 
provide easily quantifiable data.
2.3 Impact A  ssessment
Impact assessment is the point where the quantitative data that has been produced in the 
inventory stage is taken and interpreted into a form that is easily quantifiable. This will allow 
for any analysis or comparisons to occur. There are three stages within impact assessment. 
Firstly, the data is arranged according to specific environmental effect categories; this is known 
as classification. Then there is characterisation that establishes how significant the results are 
by, for example, multiplying the environmental impacts by specific factors. This stage is, 
therefore, usually a mathematical process. Lastly, there is valuation, this may be executed by 
reducing all the data down to a single factor (for example, money). This final stage of impact 
assessment is often seen as over-simplification, with too much “room for error” and so it is 
often omitted from an LCA. The omission of this stage has no impact on the viability of an 
LCA, however, it could be argued that inclusion of valuation helps to focus attention.
2.^
This stage is also known as ‘Interpretation’ by the ISO standards. The improvement 
assessment phase (or interpretation) is where the results are explained, justified and a 
significance is placed on the results. This differs from the valuation stage because it does not 
necessarily reduce all aspects down to a single factor. It is the more discursive element of the 
LCA. This is often done through the perspective of an individual, and issues over personal 
bias is why it could be viewed as a weakness within the whole process.
In terms of LCA and its use within industrie certainly within the petroleum industry, the 
process is still viewed as fairly new. Its lack of inclusion of health and safet}' factors means it
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has tended to be ignored within Shell who rely to a much greater extent on risk assessment 
matrices, as health and safety matters are of key concern (Clarke-Sturmann, 2000). Evidence 
of life cycle thinking being included within Shell procedures is through the application of 
product stewardship. Product stewardship is a management system which promotes quality 
procedures responsible health, safety and environmental performance throughout the total life 
cycle of a product. Product stewardship is about responsible and ethical HSE management of 
a product throughout its life cycle from discovery, through its useful life until disposal. It 
therefore uses a similar concept to LCA. The objective is to reduce the risk to all stakeholders 
that come into contact with the product at any stage and to avoid damage to the environment. 
LCA, therefore, provides a useful representation of the environmental issues that would be 
involved. The methodology for sustainability across the process chain could provide a useful 
insight into the issues associated with stakeholders. To date, product stewarship remains 
“work in progress” and little work has been undertaken to date. With the development of 
new fuels entering the marketplace with statements of cleaner emissions and production 
attached to marketing efforts, there appears to be a distinct opportunity for LCA to be used to 
support these claims. Therefore, LCA is an integral part of sustainable development 
methodologies that are currently being developed.
3.0 Background to Methodology
The Venn diagram in Figure 3 is a depiction of sustainability and sustainable development. 
Each lobe represents an aspect of sustainability and the central point where all the lobes 
interact represents the attainment of sustainability. The transition that companies or 
organisations make towards the central point of the diagram is the process of sustainable 
development. The three lobes are eco-centric concerns, (environment), techno-centric 
concerns (economy) and socio-centric concerns (society). In terms of sustainable 
development and sustainability LCA is presently heavily focused upon the eco-centric 
concerns. The basis of LCA was traditionally a need to assess the significance of 
environmental interventions associated with a process.
Figure 3: Representation of Sustainability (Clift. 1995)
Ecology and (macro) 
thermodynamics
Eco-centric
concerns
(Micro) economics and 
technology (inc. micro- 
thermodynamics)
Techno-centric
concerns
Socio-centric
concerns Soeiety (inc. macro­
economics)
Calculations on LCA have been focused within the stage of impact assessment, focusing on 
environmental impacts. The company, ICI wanted to develop an approach that was less site 
specific and incorporated a refined approach to the calculation of environmental impacts. It 
was intended to provide a step away from the limitations of LCA focus on eco-centric 
concerns. The approach was aimed to provide a method of characterisation for LCA that
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would lead to improved valuation. Therefore, a methodology was developed (Wright et al., 
1997) that uses the ‘problem oriented’ approach that was developed for Life Cycle Impact 
Assessment (LCIA). This methodology is known as the calculation of “Environmental 
Burdens” (EB) it focuses on the loads placed on the ecosphere by a process. The equation is:
Environmental Burden (EB) — (W@ x PFa) +  (Wb x PFy) +  (Wc x P F c)...(Wright et al., 1997)
where W relates to the weight in tonnes, and PF relates to the potency factor, which is based 
on the risk associated with the different types of burdens. A potency factor reflects the 
potential of an individual emission to have a negative impact on a particular environmental 
category. One substance is given as the baseline or standard for each category and is given a 
potency factor of 1. The potency factors for other substances in the category are determined 
by comparing their potency with the baseline substance.
In addition to ICI working on environmental burdens, Unilever was investigating methods to 
refine the LCA methodology. They developed an approach known as the Overall Business 
Impact Assessment (OBIA). This uses the loads (or burdens) placed on the ecosphere by a 
process and relates it to the value of the process activity. This approach thereby incorporates 
the techno-centric concerns associated with sustainable development in addition to the eco- 
centric. This is important in assisting the movement of LCA to becoming a more practicable 
tool of sustainable development.
An OBIA calculation is carried out using the following steps. Firstiy, there is the 
environmental calculation where the environmental impact of the business unit is divided with 
the global environmental impact. The use of normalising in this respect, serves to reveal the 
categories where the company’s activities are most significant. This is followed by an 
economic calculation where the added value of the business unit is divided by the global 
economic output. This provides an impression of the economic gain associated with the 
process in relation to global economic activity. The results from the environmental impact 
calculation are then divided by the results of the economic calculation. This provides a 
connection between the environmental burden and the economic gain the process provides 
the company. The equation for the calculation process is given below:
(Potential environmental impact /  Global potential environmental impact)
Added value /  Global economic activity
The methodologies of OBIA and EB were applied by Clift and Wright (2000). The 
methodologies were extended to show how environmental impacts and economic value build 
up along the supply chain of a product. This approach is represented in Figure 4.
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Figure 4: The Environmental Burden O f Each Stage O f The Overall Process (Clift & Wright. 
2000)
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The methodology developed by Clift and Wright (2000) enables a company to assess the 
sustainability of its process chain at each stage. The increasing environmental burdens can be 
observed as the stages of the process chain are completed (as signified by the solid line on the 
graph). The inclusion of the OBIA representation (the dotted line on the graph) allows for 
comparison between the stages to be made to the process chain as a whole. Identification of 
the stages of a process that display environmental impacts that are disproportionate to their 
associated added value can therefore occur. It allows a company to investigate the value of 
their environmental impacts throughout their process chain.
4.0 Methodology
The method by which the approach differs to traditional LCA methodology is that it will 
attempt to include a measure of social performance, thereby including socio-centric concerns 
(See Figure 4). This is in addition to covering the techno-centric and eco-centric aspects, and 
hopefully allowing for comparison between the three sectors of sustainable development. The 
main work involved in this methodology is to develop a list of social performance categories 
(see section 4.0) which will be based on a generic list of social impacts.
Once classifications of social performance have been finalised and a specific process is under 
investigation, the next stage would be stakeholder engagement. The purpose of stakeholder 
engagement would be to identify the weighting that each social performance classification 
should receive. This allows for the issues of local importance to be accurately represented. 
Interpretation of the data collection can then occur, perhaps using a calculation similar to the 
EB approach. At present the OBIA methodology developed by Unilever uses added value as 
its reflection of economic and social performance (i.e. the higher the added value, the more 
‘accepted’ the process). It is intended that this development to EB and OBIA will provide a 
more integrated approach with the inclusion of environment, economy and social aspects 
within the LCA framework. Yet also provide the benefits provided by OBIA and EB such as 
consideration of all stages of the process chain under a company’s sphere of influence.
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5.0 Discussion
Social performance can be defined as the sum total of an organisation’s effects on society. 
The inclusion of social aspects within an LCA to date, has been very limited, but then original 
intention was not for LCA to tackle such issues. There are various obstacles associated with 
tackling social issues. Included in which, is the fact the social change is very complex, and 
further complicated because people interact and adapt as change occurs (Barrow, 1997). A 
defined end-point in terms of social performance may never be reached as it is constantly 
evolving. AU that can be presented is a “snapshot” of the situation at a certain point in time. 
The fact that limited work has occurred on social performance means data on certain social 
issues is simply unavailable and coUecdon of data could, therefore, prove to be a time- 
consuming and costly process. In comparison, environmental issues have developed som 
tradition already in terms of corporate activities, data coUection and reporting. Environmental 
issues have in a sense been “globalised”, for example, the debate on greenhouse gas emissions 
and chmate change has reached global proportions. Legislation on environmental issues such 
as water emissions (consent levels) has already provided a focus for monitoring and data 
coUection. Therefore, it is likely that information wiU be more readUy avaUable on 
environmental issues.
The first consideration to be made is the identification of social performance categories and 
impacts. There are three stages to the identification of social performance indicators (as is the 
case for the assessment of environmental impacts). Firstly, classification needs to occur of the 
indicators that should receive attention. In terms of social issues it would be necessary to 
produce a generic list that also made aUowances for individual interpretation to reflect local 
preferences. Social Impact Assessment (SIA) provides one such classification of social 
performance. SIA is, in short, assessing the effect of projects or policies on people - the 
human impUcations of what we do. Social impact assessment often deals with a very broad 
range of issues, and to do so comprehensively and accurately is not easy. Impacts may be felt 
at the individual, famUy, community, regional, national and international levels. Sometimes 
impacts may be felt at more than one level, not necessarily at the same time, impacts can be 
virtuaUy instantaneous or delayed well into the future (Barrow, 1997). An example of the 
classifications of impact investigated when undertaking an SIA are given by Shell (1996) as:
Demographic impacts (e.g. size and make up of population);
Social characteristics (e.g. occupation and gender);
Socio-economic impacts (e.g. employment and wage levels);
Influences on employment and income (e.g. locals versus immigrants in employment and 
the effect of the project on existing businesses);
Health impacts (e.g. danger to physical and mental health);
Impacts on social infrastructure (e.g. healthcare and educational facilities);
Impacts on resources (e.g. pollution of water courses and need for increased housing);
Psychological and community impacts (e.g. quality of life and perceptions of risk);
Impacts on cultural property (e.g. archaeological and religious value);
Social equity of impacts (e.g. social groups reliant on resources).
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This is not the only example of SIA categories but does provide a starting point The 
categories undertaken within an SIA provide a useful basis upon which to focus the principles 
for calculation of social performance. The crucial point is that SIA identifies the undesirable 
and irreversible impacts. An additional point for consideration are those indicators which 
appear as being representative of environmental issues, but really are purely socially 
manifested (and vice versa), such as odour and noise. This is because these impacts are too 
difficult to specify as they are environmental impacts that manifest themselves through social 
performance.
The next stage to undertake is the process of classification. The fact that social performance 
is more likely to be driven at a local level, and that issues will vary greatly from one location 
(or country) to another, emphasises the importance of the stakeholder engagement process as 
a means of weighting the social performance classifications. The prescribed classifications of 
social performance should be generic to allow for analysis of any industry sector. Yet, it 
should also allow for issues over locality of a process to be expressed.
The final phase to undertake is valuation of the social performance this will be heavily 
dependent on the results of stakeholder engagement, as it should reflect the values of the 
identified stakeholders. This process will obviously be complicated as there is a need to 
integrate the diversity of opinions and views. Therefore, development of a mathematical 
model that could be applied to the classification of the social performance indicators would be 
useful (as the OBIA and EB approach does for environmental impacts).
6.0 Future Work
The next stage to undertake in the development of this approach to LCA will be to trial the 
methodology on an identified process (preferably more than one). This will hopefully occur 
within Shell towards the end of the first academic year. In addition, work on stakeholder 
engagement will further contribute to the process of calculating social performance as there 
are stiU unresolved issues regarding the execution of this type of calculation. The crucial 
development wH be to finalise a set of categories of indicators regarding social performance. 
The categorisation of social performance issues is the immediate concern for the progression 
of this project. Consideration of this fact will begin by focusing on the categories associated 
with SIA.
The next stages in the progression of this project wiU be firstly, to undertake a literature 
review of relevant sources of social impact categories. Hopefully, as stated previously, there 
will be the development of suitable case studies within Shell with an opportunity to conduct 
stakeholder evaluation of the relative weights of the social categories for different cases. It 
will be important within this stage to identify the reasons for the differences in different 
weights and to draw conclusions about the implications of assigning different weights. This 
will hopefully lead to the integration of the social categories into indicators. All of which wül 
lead to a significant contribution to knowledge in regards to industry’s inclusion of social 
factors within the assessment of sustainability across the process chain.
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7.0 Conclusion
The methodology presented in this paper is an attempt to identify sustainability across the 
process chain. The information provided by calculating the environmental burdens and social 
performance in relation to the economy is an important indicator of the sustainability of a 
process chain. It provides a useful link and means of comparison and integration between the 
three concerns of sustainable development (eco-centric, techno-centric and socio-centric). 
This means that trade-offs that industry takes within their process chains between the three 
components should become more readily identifiable. This methodology also allows for the 
identification of preferences and priorities associated with impacts of sustainability that are 
obtained through the inclusion of stakeholder consultation. This can prove useful to a 
company progressing with issues associated with sustainability through additional applications. 
This is because it can reveal stakeholder preferences on a range of issues, which can be used in 
association with other applications associated with sustainable development.
The approach to sustainability across the process chain that has been described in this paper is 
a move towards a stand alone tool that presents a comprehensive, yet succinct process. The 
environmental burdens and social performance can also be altered to reflect the legislative, 
social and economic climate, thereby bringing a flexibility within the process. In conclusion, 
therefore, the methodology presents itself as a useful addition for industry within decision 
making processes associated with the sustainability across the process chain.
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Abstract
The focus o f  this EngD  project is  the developm ent o f  indicators o f  sustainable 
developm ent (SD). The intention is  to develop a representative measure o f  SD to 
enable assessm ent o f the sustainability o f  a product, process or business. There is  no 
internationally accepted framework to measure SD, nor consensus on how  indicators 
should be developed or what they should cover. The frameworks that do exist tend not 
to encompass all aspects o f  SD and are often not applicable for internal and external 
decision making. This paper includes detinitive characteristics to guide the indicator 
selection process. A framework is  also presented through which industry can manage 
the collection o f  information associated with SD. The effective structuring and 
evaluation o f  indicators presents a significant opportunity for indicators to fulfil their 
poten tia l as a cornerstone o f  the decision m aking process associated with SD.
Keywords: Sustainable Development, framework, evaluation, indicators
1 Introduction
The focus of this EngD project is the development of indicators of sustainable development 
(SD). The intention is to develop a representative measure of SD to enable assessment of the 
sustainability of a product, process or business. Indicators are an essential component in the 
overall assessment of progress towards sustainability [Moldan and Billharz, 1997]. SD and 
sustainability are difficult concepts. They have many uncertainties, complex interactions and 
levels of interpretation. There are often conflicting views on the best way forward. These 
features make it difficult to produce indicators of sustainable development. This point has 
been investigated within a number of key publications [Bell and Morse, 1999; Department for 
the Environment, 1996; MacGiUivray and Zadek, 1995; Moldan and Billharz, 1997]. There is 
no internationally accepted framework to measure SD, nor consensus on how indicators 
should be developed or what they should cover [Bennett and James, 1998; Ditz and 
Ranganathan, 1998; Olsthoorn et al., 2000; Veleva and Ellenbecker, 2000]. Major problems 
include the inherent difficulty of deriving measures that are recognised as important, but 
cannot be easily quantified (for example, aesthetic value and quality of life). In such cases 
other available surrogate measures may be used that may be less reliable or representative. 
Even when parameters can be derived, the necessary data may not be available. The purpose 
of indicators is to summarise vast amounts of information into useful and understandable 
metrics. The following sections begin by investigating the frameworks that are currently 
available in order to understand what issues an indicator framework should encompass. A
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method for evaluating indicators is also proposed to ensure that the indicators developed 
provide the decision making process with the optimum level of information. Finally an 
indicator framework is developed taken from the perspective of the petroleum industry but 
intended to have wider application.
2 Existing Indicator Frameworks
In order to organise the different indicators relevant to SD, some kind of conceptual 
framework is required [Moldan and Billharz, 1997]. The pressure-state-response (PSR) framework 
was adopted by the Organisation for Economic Cooperation and Development [OECD, 
1991]. The OECD set has become a “classical” one, used as a starting point by many 
organisations developing their own indicators. The PSR framework provides a useful way of 
organising information about indicators [Toman et al., 1998]. Pressure refers to the human 
activities that exert a pressure on the environment and change its quality and the quantity of 
natural resources (the state). Society responds to these changes through the environmental, 
general economic and sectoral policies (the response). The latter forms a feedback loop to 
pressures. For example, emissions of SOx and NOx are designated as pressures whilst the 
concentration of acid precipitation (pH, SO4, NO3) constitutes the state. Finally, expenditure 
for air pollution abatement is the response that loops back to the pressure.
Despite the wide usage of this framework there are a number of difficulties associated with it. 
Research has demonstrated that the framework fails to take into account system relationships 
and dynamics [Bossel, 1999; Lenz et al., 2000; Hodge, 1997]. For example, impacts in one 
causal chain can be pressures plus states and vice versa. The synergistic and antagonistic 
effects of the pressures and impacts are not considered.
There have been numerous attempts to further elaborate the PSR framework. The United 
Nations Commission on Sustainable Development (UNCSD) replaced the concept o îpressure 
by that of driving forces in an attempt to accommodate more accurately the four indicator 
categories of social, environmental, economic and institutional indicators [Moldan and 
Billharz, 1997]. Within each category the indicators are arranged by issues corresponding to 
one or several chapters of Agenda 21. The driving force indicators represent human activities, 
processes and patterns that have an important impact on SD. The United Nations indicator 
set is one of the few examples where there is inclusion of variables that are not yet being 
measured, such as poverty alleviation and human settlement [Sustainable Development 
National Research Council, 1999]. This demonstrates its strength through recognition of the 
fact that certain issues remain unclear and yet require assessment in relation to SD.
Indicator frameworks and sets to date have predominantly been produced at the national level 
by government organisations. Increasingly industry is looking to include indicators within 
their decision making processes in order to ensure progress towards sustainability is 
maintained. One organisation has attempted to develop indicators that deal with the 
requirements of industry: the Global Reporting Initiative (GRI). The GRI is a long-term, 
multi-stakeholder, international undertaking whose mission is to develop and disseminate 
globally applicable reporting guidelines for voluntary use by organisations reporting on the 
economic, environmental and social dimensions of their activities, products and services [GRI,
2000]. The framework is divided into three sections: categories., aspects and indicators. Categories 
are the broad areas or groupings of economic, environmental or social issues of concern to 
stakeholders. Aspects are the general types of information that are related to a specific category 
(for example, greenhouse gas emissions and donations to host communities). A category may 
have several aspects. An aspect may have several indicators. The indicators are defined by the 
GRI as the specific measurements of an individual aspect that can be used to track and 
demonstrate performance. The guidelines present two types of indicators: generally applicable
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and organisation specific. The GRI framework allows for greater flexibility and allows the 
linkages between the different indicators to be incorporated. The PSR framework does not 
possess the same level of flexibility.
The GRI guidelines provide a valuable common reporting framework for sustainability. 
Veleva and EUenbecker [2000] outlined how twenty one corporations tested the guidelines. 
The conclusions were that the GRI had insufficient guidance, indicators without clear 
business value and burdensome reporting requirements. The foundation on stakeholder 
concerns meant the work was heavily driven by external perceptions of industry. This makes 
the GRI applicability limited in terms of internal decision making. Work by the Eco- 
Management and Auditing Scheme (EMAS), International Standards Organisation (ISO) and 
the World Business Council for Sustainable Development (WBCSD) have all attempted to 
deal with internally oriented performance management. However, these examples do not deal 
adequately with social issues (or product sustainability).
The frameworks that exist for indicators of sustainable development present a number of 
learning points. The summary of existing frameworks demonstrated that they lack 
standardisation, do not encompass aU aspects of SD (the economy, environment and society) 
and ideally need to be applicable in terms of internal and external decision making processes. 
A framework, process and criteria for finding an adequate set of indicators are needed [Bossel, 
1999]. A certain perspective or viewpoint should be used to ensure the indicators remain 
focused and relevant. The perspective in this instance is taken as being from the petroleum 
industry. The GRI framework from category through aspect to indicators appears to be the 
most applicable produced to date. However, there is room for improvement through the 
allowance for the indicators to be used for internal decision making process, not simply 
external communication. A method by which the indicators can be evaluated appears to be 
missing from all the frameworks that have been developed to date.
3 Indicator Evaluation
The indicators developed must display certain characteristics. These characteristics are the 
features or qualities that distinguish certain pieces of information into being suitable indicators 
of sustainable development. Table 1 provides a definitive list of characteristics that have been 
compiled from research available in the field (particularly Meadows [1998] and Moldan and 
Billharz [1997]).
Table 1: The Characteristics of Indicators
Physical Money and prices are noisy, inflatable, slippery and unstably 
exchangeable. Since SD is to a large extent concerned with 
physical things - food, water, pollutants, forests, houses, 
health - it is best wherever possible to measure it in physical 
units.
Hierarchical A user should be able to delve down to detail if desired but 
also obtain the general message quickly.
Supplementary A user should be provided with information on issues that 
they cannot measure for themselves (such as radioactive 
emissions).
Appropriate in scale Not over or under aggregated.
Democratic People should have input to indicator choice and have access 
to the results.
Participatory People should be able to measure indicators for themselves; 
measurement should not be based on obscure issues.
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Verified The homogeneity of interpretation can be assured through the 
use of external verification.
Simple Information should not be overly complicated. Indicators 
should be useful to aU stakeholders.
Sensitive The indicators must reflect any changes in issues effectively.
Leading Information must be provided in time to act on it.
Timely The information should not take too long to collate.
Sufficient There should not be too much information to comprehend 
yet information should not be too little to give an adequate 
interpretation of the issue.
Tentative The indicators should be available for discussion, learning and 
change.
Communicative Indicators should provide information to all stakeholders and 
be easy to understand.
Economical The collection of indicators should balance the information 
requirement with the available resources.
Relevant Indicators must remain relevant to the issue it depicts.
Reliable The information collected should come from reliable 
resources.
Each indicator must be assessed based on these characteristics in order to affirm whether the 
indicator is suitable or not. A range of responses needs to be included within an evaluation. 
The characteristics have been placed in a matrix similar to ones produced for risk assessment. 
When indicators have characteristics that can be graded within the dark grey boxes of the 
matrix the indicators can be interpreted as being inappropriate for use. There are occasions 
when an indicator is developed that will display characteristics such as physical, democratic or 
simple in the future when further work has been done on the chosen indicators. This does 
not mean these indicators are less valid or should not be included. Other characteristics are 
mandatory for indicator sets such as communicative, economical, relevant and reliable. Whilst 
other indicators have displayed certain characteristics in the past, for example they may have 
been chosen through a democratic process some years previously.
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Table 2: Indicator Matrix for Evaluation
d e c re a s in q  s u ita b ility
Indicator The  ind ica to r The  ind ica tor The ind ica tor The  in d ica tor The  in d ica tor
Characteristic is su itab le w ill be  in the is to a lim ited has been in is not
fu tu re extent the past su itab le
Physical
Hierarchical
Supplementary
Approp. in scale
. . .  -f <9
Democratic a
Participatory
Verified
Simple
Sensitive ^  :
Leading K ' f  ^
Timely .
Sufficient
Tentative
Communicative
. a
Economicai
Relevant
Reliable
;
The indicators developed should ideally rank within the white or grey boxes. WTien 
characteristics are within the dark sections the indicators can be taken as being inappropriate 
for use. The use of the matrix should counteract any difficulties that may arise due to 
subjectivity. The matrix is designed to be used by anybody dealing with indicator 
development and assessment. Each indicator should be evaluated against the characteristics in 
the matrix. This will ensure the indicators utilised within decision making processes are 
effective.
4 Indicator Framework for the Petroleum Industry
The indicator framework is intended to guide the overall data collection processes. 
Frameworks to date have not been designed for effective use within industr\\ One of the 
principal reasons for this is because the framework has not incorporated internally oriented 
performance management in addition to the external requirements. One method to ensure 
this can be achieved is to integrate the indicators with existing management frameworks. In 
the case of the Shell Group (the industrial sponsor of this project) a Sustainable Development 
Management Framework (SDMF) has been developed. This framework is displayed in Figure 
1.
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Figure 1: Sustainable Development Management Framework [SDMF]
Review, Incorporate Learning
The review plan gives us the 
opportunity to understand and share 
what has gone well or badly, helps us 
to learn how we can Improve and 
adjust our Sustalnabe Development 
vision If necessary.
Report and Communicate 
Performance
Ensures that we report and 
communicate our economic, 
environmental and social 
performance openly, honestly 
and effectively verifying 
externally specific measures 
as agreed.
Monitor and Measure
Enable us, or others, to form a 
reliable judgement of our 
performance in all three areas of 
Sustainable Development against our 
agreed targets and determine If short­
term changes to plans are needed.
Carry Out Plans
This Is where we put all of our plans Into
Demonstrate Leadership
We help set a Sustainable Development vision 
for our part of the business. We “walk the talk” 
providing direction and support to help people 
make the vision meaningful to their jobs.
Identify Stakeholders and Risk 
and Opportunities
Through engagement with 
stakeholders we systematically 
Identify, understand and document 
relevant risks and opportunities fror i 
all three elements of Sustainable 
Development. We Identify additional 
stakeholders and their associated 
risks and opportunities as part of th 
process.
Prioritise Risks and Opportunities 
and Set Objectives
Key risks and opportunities are 
prioritised (with all three elements o 
Sustainable Development taken Inti 
account). Through engagement we 
define how we can measure 
performance and then set actual 
objectives.
Define Strategy, Targets and Plans, Mobilise Resources
In our strategy and planning processes we Integrate financia 
environmental and societal considerations and make sure 
action. (|.,g( everything Is In place to achieve our plans.
Engagement i.s a key characteristic o f the SDM F. It is a recurring activity that drives the SDM F allowin; 
_________ us to develop a shared understanding and trust with our staff and external stakeholders.
The SDMF is seen as central to the implementation of sustainable measures within the Shell 
Group. It has been designed to guide the various companies of the Shell Group towards 
SListainabilit}”. The development of indicators will help to operationalise the SDMF. The 
indicators can be used to guide decision making processes associated with SD. The 
perspective taken within the management system is that economic, environmental and social 
considerations should be taken into account in everything that is undertaken.
It is important to define what SD and sustainability mean. Without an idea of what they stand 
for there can be no meaningful measures or decision making processes. Tliere is little 
consensus on their specific meaning although a number of general points can be made that are 
best described through the use of a Venn diagram, displayed in Figure 2. The term SD 
describes the process of moving towards a sustainable society^  whilst sustainability” is used to 
describe the theoretical situation when a society is located within the central area of the Venn 
diagram in Figure 2 [Cowell et al.,1999]. Each lobe represents an aspect of sustainability and 
the central point where all lobes overlap represents the attainment of sustainability^ The 
transition that is made towards the central point is the process of SD. Sustainable 
development indicators are used to measure progress towards (or away from) sustainability^ 
In order to make the definition more specific the interpretation can be focused on the 
petroleum industry^ In this case, the definition of SD is interpreted as being that the 
petroleum industry” must work towards ensuring the use and demise of oil reserves does not 
lead to negative impact on people’s quality” of life (for current and future generations) or on 
the longevity” of the industry”. Sustainability refers to the point when all three aspects of 
sustainability” are achieved simultaneously.
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Figure 2: The Sustainability Principles and the Three Aspects of Sustainable
Development (SD)
R espect and safeguard  
^  people
U se resources 
efficiently . Engagement
Social
Econom y / Environm ent y
- /^ ^ in im is e  im pact on th* 
environm ent
Maximise profitabiiity \
Engagement
Maximise benefits to the  
com m unity
E ngage and work with 
stakehoiders
adapted from Clift [1995]
The Exploration and Production (EP) section of the Shell Group has already made attempts 
to integrate the SDMF through development of sustainability principles. The principles were 
developed to ensure integration of the three aspects to balance short term wants and long 
term needs. The principles are displayed in Figure 2 witli an indication of their place witliin 
the three aspects of SD. “Use resources efficiently” encompasses all aspects of SD and 
sustainability; as it can refer not just to natural resources, but also human and economic. The 
two principles of “maximise benefits to the community;” and “engage and work with 
stakeholders” both deal with the relationship between the industry; and society, described 
within the diagram as “engagement”. Engagement is the basis for the progression towards 
sustainability and is also the foundation of the SDMF. It is seen as allowing the organisation 
to develop a shared understanding and trust with its staff and external stakeholders. Without 
trust the organisation cannot flourish in the marketplace [Fukuyama, 1995; Michalos, 1995]. 
Active engagement with the external world provides the intelligence to make decisions in ways 
that generate sustained value [Business Impact, 2001; Hedstrom et ak, 2000; Petts, 2000]. Tlie 
remaining principles relate to the three aspects of sustainable development. What is missing 
from the principles that EP have produced are those that relate to the sections where the three 
aspects of SD interact with each other (shown in the Venn diagram by the grey sections). 
Decision making associated with SD will not be successful if it considers only the three 
indmdual aspects; some allowance for the inter-knkages between the different aspects will 
have to be included within the indicators developed.
The final stage of the indicator framework is definition of the indicators themselves. It is not 
effective to develop exhaustive lists of indicators. Indicator availability; is no longer the 
important issue in relation to indicator development; it has shifted to indicator suitability 
[Wehrmey;er et ak, 2001]. The indicators must reflect a number of levels within the 
organisation: operational, product and process. In die case of the Shell Group the indicators 
developed must be based on the sustainability principles that derive from the SDMF and the 
meaning of SD and sustainability; to the organisation. The indicators produced should then 
retain applicability for both internal and external decision making processes. Figure 3 
demonstrates how the indicator framework can be interpreted for use within all organisations.
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Figure 3: The Indicator Framework for Industry
Concept i= > Criteria i= >  Indicators
/  \
Existing m anagem ent 
fram ew orks (e .g . 
SD M F )
D efinition  o f  S D  and 
sustainability to the 
organisation
/  Î \
Operational
The principles that guide the progre.ss towards 
sustainability o f  the organisation (e.g . EP 
sustainability principles)
The framework is similar to the GRI approach of category^  aspect and indicator. However, the 
inclusion of concept allows for more focused consideration of SD and sustainability; thereby 
making it more applicable for industrial systems. Concept refers to the basis of SD within the 
organisation. This could be through a vision statement, plan or management framework. 
Bossel [1999] noted that indicators may be different but if based on the same principles it is 
likely that sustainability; assessments will produce comparable results. The inclusion of criteria 
is important as it allows for a degree of interpretation between different indicator sets to be 
made. The criteria constitute principles of working life that are key to the progression of the 
organisation towards SD. Tlie indicators are developed for a variety of purposes. 
Organisations that form part of a supply chain face an important challenge as reporting may 
require addressing the total life cycle impact of the product or process. Azapagic and Perdan 
[2000] noted that most of the frameworks produced to date recognise the importance of life 
cycle considerations but boundaries of the studies tend to be of a manufacturing site. Within 
the petroleum industry there exists an interesting consideration in that the entire supply chain 
tends to be contained within a single organisation; therefore, reporting requirements are 
comprehensive. It also poses a unique opportunity to ensure that the full “cost” of a product 
or process is assessed within the development of indicators. Tlie operational indicators 
present a more substantive consideration of the industry’s operations as whole.
5 Conclusion
The framework developed within this paper for indicators of sustainable development 
represents a novel contribution to knowledge. Standardisation of indicators has not been 
adiieved within research to date. The effective structuring and evaluation of indicators 
presents a significant opportunity; for indicators to fulfil their potential as a cornerstone of the 
decision making process associated with sustainable development. The framework has been 
developed from the perspective of the petroleum industry; but the process through concept, 
criteria and indicators is intended to have a wide application as is the evaluation matrix.
Work on this project will progress to develop indicators based on operational, product and 
process systems. Empirical work wiU ensure the indicators have industrial applicability and 
the evaluation matrix wiU be used to ensure the indicators are representative. The empirical 
work involves assessing the indicators against case studies. The construction and operation of 
a process site in Sakhalin (an island off Russia) and the introduction of biodiesel to the 
marketplace are both being used as case studies. Tliese case studies provide a process 
(SakhaUn) and product (biodiesel) perspective to ensure the indicators produced are 
comprehensive. In terms of the Sakhalin project, the Research Engineer will be involved with 
the development of sustainability indicators at a process level. This will require further 
investigation of projects of a similar nature in terms of the social, environment and economic 
impacts. The intention is to continue involvement with stakeholder engagement processes 
occurring in Sakhalin to obtain data regarding the concerns. The RME biodiesel case study 
W Ü 1 also require further inclusion in a stakeholder engagement process at a more detailed level. 
This will assist in allowing development of indicators that are representative of stakeholder
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concerns. It will be interesting to undertake a comparison of the process and product 
indicators that are developed associated with the case studies. They are both involved with 
social considerations but the difference between the two with the distinct focus on social 
impacts and stakeholder concerns wiU reveal different indicators. The analogies and 
discrepancies between these sets have not been investigated prior to this project. Further case 
study work wiU also be undertaken, this will include a focus on product impacts and will 
require a comparison between an existing and proposed product line. This will assist in 
understanding how the social impacts and stakeholder concerns at a product level differ. It 
win also work towards the formation of a decision making tool associated with sustainable 
development.
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Abstract
Sustainability is a particular challenge for the petroleum industry. It is no longer sufficient for 
a petroleum company to focus purely on the traditionally measured economic and 
environmental aspects; therefore, this paper focuses on social concerns. The impact of events 
such as Brent Spar and dissidence within Nigeria has heightened awareness within petroleum 
companies of the need to integrate social considerations into decision-making processes. The 
work associated with this paper has been an attempt to develop a definitive measure of 
qualitative aspects through the formation of sustainability indicators. The empirical work has 
been undertaken within the petroleum industry but the findings are applicable to all industries 
that are working towards improved decision-making associated with sustainability. Two case 
studies have been undertaken. The first involved the development of indicators at a product 
level. The second case study focused on process level issues. It became obvious that separate 
indicator sets were needed for process and product level indicators. For example, social 
indicators at a product level required the inclusion of consumer impacts. In comparison, the 
process level concerns placed a stronger emphasis on employee impacts. However, both sets 
of indicators can be evaluated and structured from the same principle. The development of 
indicators provides a method to avoid some of the difficulties (such as the increased time and 
resources) associated with the inclusion of stakeholders within decision-making processes. 
The inclusion of social concerns allows a comprehensive decision-making process to be 
undertaken. It also enables more efficient integration of social concerns, through the use of 
the sustainability indicators, for future assessment. In the same way that social concerns 
change and evolve, the decision-making process can retain flexibility through the ability to 
react to changes in the indicators. Indicators of SD provide the ideal tool to incorporate 
social concerns into the decision-making processes of all industries.
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1. Introduction
This paper demonstrates how social concerns are integrated within decision-making processes 
of the petroleum industry. Sustainability is emerging as a major global business challenge. A 
key part of the challenge is the growing tension between emerging social values and traditional 
forms of economic value (Elkington, 2001). Within this paper a social “concern” refers to 
the perceptions and judgements of human beings. In judging, individuals make a self­
commitment, a value is placed. For industry to make decisions that will be accepted by society 
there must be an understanding of these concerns and the related values. This paper will start 
by discussing what sustainable development (SD) means from an industry context. It then 
develops to introduce the philosophical aspect of a discussion of this nature. To date, most 
organisations have focused on the sustainability of business; perhaps it is more appropriate to 
focus on the business of sustainability. Following investigation of the meaning behind social 
values and SD the paper places these issues within the context of the petroleum industry. By 
focusing on an industry type it is possible to develop a method for integrating SD within 
decision-making processes. The focus is placed on sustainability indicators particularly how to 
effectively develop and evaluate them as a critical tool. Two case studies introduce empirical 
aspects to work on this subject with the focus on product and process level indicators. The 
case studies concentrate on two aspects of business processes and they produce very different 
indicators when dealing with social concerns. This fact is explored in order to demonstrate 
that there cannot be a simple answer when dealing with social concerns.
1.1. The Meaning of Sustainable Development (SD) and Sustainability
It is important to define what sustainable development (SD) and sustainability mean. Without 
an idea of what the terms symbolise there can be no meaningful measures or decision-making 
processes. The work associated with this paper is being undertaken within the petroleum 
industry; therefore, interpretation is focused at that level. The definition of SD is interpreted 
as being that the petroleum industry must work towards ensuring that the use and demise of 
oil reserves does not lead to negative impact on people’s quality of life (for current and future 
generations) or the longevity of the industry. Sustainability is more of a “concept”. 
Sustainability requires all three systems of SD (economy, environment and society) to be 
achieved simultaneously. These definitions have been produced for the purpose of the work 
associated with this paper. There are many interpretations of the meaning behind SD and 
sustainability. There is little consensus on their specific meaning. This point is highlighted 
within work by Banner (1999) who describes how the concept of SD is “rich and complex” 
and has similar cores in ethics and personal perceptions as justice. SD and sustainability, like 
terms such as justice, will elude simple definition. One of the most commonly cited 
definitions of SD is given as:
“.. .development that meets the needs of the present generation without compromising the 
ability of future generations to meet their own needs”
WCED, 1987, P.43
A number of authors have noted that whilst promoting agreement this definition remains 
abstract and difficult to operationalise (Bennett and James, 1999; Renn et ak, 1998; Warhurst,
2001). Reid (1995) noted that the idea of SD has attracted large groups with very different 
interests. It is suggested that it has been able to do this largely through the vagueness and 
ambiguity of the term itself. The WCED definition does not resonate with individuals or in 
business terms. In order to be accepted and implemented within the decision-making 
processes of industry a better working definition must be produced. Hence the definition of 
SD and sustainability presented from the context of the petroleum industry. In this way, SD 
and sustainability can begin to move away from theory and vision to operational reality and 
solutions. However, the interpretation and emphasis placed on SD cannot be taken as a static
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process (Hardi et al., 1997). Maiteny (2000) describes how interpretation of SD tends to be an 
egocentric pursuit with each member of society having their own set of values, beliefs and 
morals that will influence their interpretation. Therefore, attempts at specificity in terms of 
SD and sustainability are likely to reveal conflicts in values and interests. These will also 
change as time progresses and society evolves. When dealing with SD it is important to 
understand what is meant by “values” within today’s society and how it impacts upon 
perceptions of sustainability.
Individuals such as Laszlo (1989) and Maiteny (2000) recognised that the threats to human 
development do not arise from the diminishing physical resources. The real threats arise from 
the “inner limits” of human beings, our inability or unwillingness to change psychologically, 
culturally and politically, i.e. the values of today’s society. The relationship between society’s 
values and decision-making is critical. The need to include the philosophical element within 
decision-making is outlined by Jacobs (2002) who states that:
“Decision makers andpractitioners cannot simply ask, What value does the public place 
on this environment goodC and design a neutral institution to discover this. They must 
ask. What are the kinds of values which we wish people to articulate?’ and then design a 
particular institution to encourage these. That is, they must choose their normative 
political theory first, and this will determine their institutional design. In turn the 
institution will help to construct the preferences” ] 2iCohs, 2002, p. 229
This statement may be true, but it is important to mention that the preferences will change 
over time. In much the same way as the meaning of SD will change and evolve. The term 
“value” is frequently used in association with SD and sustainability. It is a term that can be 
construed in different ways. It is used to denote two very different meanings in: “Beyond the 
Numbers: How Leading Organisations Are Linking Values With Value To Gain Competitive 
Advantage” (KPMG, 2000). This particular report includes statement such as:
..Thy are creating a new type of competitive advantage by linking value and values, to 
position themselves as companies of choice... ”
KPMG, 2000, p.2
It is not possible to understand what this statement means without an understanding of what 
the terms “value” and “values” are actually referring to. By not explaining this term it leads to 
a confusing and apparently superficial treatment of the subject. It is not possible to escape the 
fact that business decisions are ethical decisions involving “values”. They have a basis in 
understanding what ought to be done meaning what is “right” and what is “wrong”. An 
economic perspective pursues profit maximising objectives, in other words “economic value”. 
The belief is that once these are achieved the social and larger economic interests of aU wiU be 
served. This perspective is that business management engages not only the interests that are 
specific to the firm, but also engages interests and issues that have implications beyond the 
profit maximisation goal of investors. In this way it is claimed that the firm has social 
responsibilities, and provides “social value”. Explanation of society’s values can be separated 
into two ethical frameworks of teleological (consequentialist) and deontological ethics.
It is not possible to state that a certain ethical framework is applicable to the whole of society. 
The question of values within society is not possible to conclude as a scientific theory. 
Different circumstances and decisions will produce different results. SD and sustainability are 
concepts that have traditionally been dealt with through scientific and engineering approaches. 
The introduction of the philosophical element through use of terms such as “value” means 
these concepts cannot be approached solely in a scientific fashion. It must be recognised that 
there is not necessarily an end-point or a right or wrong way to approach the subject.
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Considering the work on value and sustainable development it can be deduced that a 
government committed to the protection of the natural environment must campaign on the 
basis of moral imperatives such as duty and compassion. The government must involve 
concerns for animals and succeeding generations of humans, not simply a calculus of costs 
and benefits. However, can this reasoning also apply to today’s companies, particularly the 
petroleum industry?
1.2. Sustainable Development (SD) Within the Petroleum Industry
The fact that the petroleum industry is based on an unsustainable resource is absolute. The 
industry must work to minimise its dependence and use of non-renewable resources. Rising 
fuel prices and the impact of fuel shortages (in the early 1970s and 2000) have contributed to 
the awareness that modern society is dependent on the production and use of oh. The 
economic value of current operation is assured. The social value of the industry’s operation is 
less definite. Not only is the natural resource upon which the industry depends running out, 
but an additional, over-riding concern is high emission levels. As environmental legislation 
and public awareness increase on emission levels it is increasingly important for the industry to 
recognise and understand the implications in terms of the environment, public perception and 
the total value of the industry. Work associated with climate change on carbon trading 
highlights how companies that continue to emit large volumes of harmful emissions wül not 
survive long-term. The key decision-making area for the future wiU be on emission levels. 
The industry must understand upcoming legislation, be able to accurately assess its emission 
levels and be able to make justifiable decisions on trade-offs such as whether less SOg or NOg 
is preferable. This requires an understanding of public perception and values in other words 
the social concerns of today’s society. The Shell Group has produced a Sustainable 
Development Management Framework (SDMF) designed to manage the integration of SD 
and sustainability within decision-making processes demonstrated in Figure 1.
Figure 1: Sustainable Development Management Framework (SDMF)
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The SDMF has been developed to guide the various companies of the Shell Group towards 
sustainability. The Exploration and Production (EP) section of the Shell Group 1ms already 
made attempts to integrate the SDMF into business processes through development of 
sustainability principles. The association between the SDMF, the sustainability principles and 
indicators of sustainability are presented in Figure 2^.
Figure 2: The SDMF, Sustainability Principles and Indicators of Sustainability
The SDMF
Sustainability Principles
Respect and safeguard people 
Engage and work with stakeholders 
Minimise impact on the environment 
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Maximise profitabiiity 
Maximise benefits to the community
They are designed to provide overall 
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They are seen as applicable at 
corporate to site level.
Used as a basis for the SD vision.
Integrated in EP approaches and 
documentation
Sustainability Indicators
Measure progress (this is not 
explained any further within Shell 
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taken is that it refers to progress 
towards sustainability)
OUs to add their own and 
translate down to project /  site 
level
Use of existing indicators 
maximised
Some principles may have no 
overall EP indicator, reflecting 
their primarily local focus
The sustainability principles are the intermediary between the SDMF and the sustainability 
indicators. The indicators provide the specific and fundamental aspect of decision-making 
regarding SD.
1.3. Decision-Making Tools of Sustainable Development (SD)
In order to ensure social concerns are reflected within today’s industry the methods of 
approaching decision-making are increasing. Decision-making can be described as a process 
of consideration used to arrive at a determination or conclusion. Renn et al. (1998) 
highlighted that in the context of decision-making and SD there are deep strategic difference 
between those interested in developing a vision of the future, and those whose goal is to 
identify incremental steps toward improving the future. Lindblom’s concept of 
incrementalism (1979) can be seen as being of direct relevance to SD. This is because of the 
nature of decision-making required associated with SD. The whole process requires a 
paradigm shift of how individuals, companies and organisations approach the issue of the use 
of natural resources and treatment of social perceptions and concerns. It cannot be achieved 
by a simple, single decision. To be effective it requires a series of decisions and constant 
verification that the original decision remains applicable. The temptation is to believe that by 
involving everyone that claims an interest in the decision (stakeholders) that the right decision 
will be made. The involvement of stakeholders leads to decisions requiring a great deal of 
time and attention to be effectively resolved. Once a decision has been made it is not a simple 
process to check the original decision still applies. A number of tools have been developed to 
aid the decision-making process associated with SD. A variety of decision-making processes 
exist, including Environmental Impact Assessment (EIA), Strategic Environmental
 ^The information within this diagram has been amalgamated from a variety o f internal documents.
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Assessment, Risk Assessment and Life Cycle Assessment (LCA). Each approach can be 
understood as a means of collecting, structuring and conveying information about the world 
(Baumann and Cowell, 1999). Some focus on a specific aspect of sustainable development 
(environment, economy and society) whilst others (such as EIA) involve looking at a 
combination of aspects. All tools require some degree of measurement and analysis, the use 
of indicators of SD.
2. Development of Sustainable Development (SD) Indicators
The principal decision-making tools used in association with the work outlined in this paper 
are indicators of SD. Indicators are an essential component in the overall assessment of the 
progress towards sustainability (Moldan and Billharz, 1997). A number of publications refer 
to the difficulty of developing effective indicators (Bell and Morse, 1999; Department of the 
Environment, 1996; MacGillivray and Zadek, 1995; Moldan and Billharz, 1997). Major 
problems include the inherent difficulty of deriving measures that are recognised as important, 
but cannot be easily quantified (for example, aesthetic value and quality of life). In such cases 
other available surrogate measures may be used that may be less reliable or representative. 
Even when parameters can be derived there may be the added complexity of the necessary 
data being unavailable. Indicators require, to some degree, the ability to summarise vast 
amounts of information into useful and understandable indicators. There is no internationally 
accepted framework to measure SD, nor consensus on how indicators should be developed or 
what they should cover. This partly reflects the fact that different indicators are required for 
different purposes. Issues vary between countries and from the international to local level. 
Indicators present the most flexible method of measurement and monitoring; therefore, they 
are the most applicable measure when dealing with SD and sustainability.
‘Indicators are signs or signals of complex events and systems. They are hits of 
information pointing to characteristics of y  stems or highlighting what is happening’
Hardi et al. (1997) p.8
There are a number of indicators in circulation from industry, government and community 
levels. Fricker (1998) views the proliferation of indicators as suggestive of the confusion and 
uncertainty of what is to be measured and perhaps even the absence of debate and 
understanding. The interpretation taken within this work is that the significant number of 
indicators available reflects the multifarious nature of SD. In terms of indicators it is 
important to remember that decision-makers rely on easily assimilated information. Failure to 
develop appropriate indicators could mean marginalisation of vital interests in the decision­
making process (MacGillivray and Zadek, 1995). The fundamental challenge is that the 
number of indicators should be as small as possible so the main messages are clear but avoid 
oversimplification of the issues (Department of the Environment, 1996). It is also important 
to recognise that SD constitutes a number of complex, interlinked problems. There is a need 
to move beyond the usual, more or less, exhaustive lists of individual indicators to integrated 
or interlinked sets of indicators (Moldan and Billharz, 1997). The work presented within this 
paper identifies the attributes an indicator should possess, and demonstrates how these 
attributes can be assessed. There is also an explanation of how indicators can be structured 
within a framework in order to increase its use as a decision-making tool.
2.1. Indicator Evaluation
The starting point in relation to sustainability indicators for conceptualisation and practical 
implementation is the establishment of the qualities that are of most use within an indicator 
set. The indicators developed must display certain characteristics. If they do not, the
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indicators are in danger of being unnecessary pieces of information with no application. The 
characteristics are the features or qualities that distinguish certain pieces of information into 
being suitable indicators of sustainable development. Table 1 provides a list of characteristics 
that have been compiled from research available in the field (particularly Meadows, 1998 and 
Moldan and Billharz, 1997).
Table 1: The Characteristics of Indicators
Physical Money and prices are inflatable, slippery and unstably 
exchangeable.
Hierarchical A user should be able to delve down to detail if desired but 
also obtain the general message quickly.
Supplementary A user should be provided with information on issues that 
they cannot measure for themselves (such as radioactive 
emissions).
Appropriate in 
scale
Not over or under aggregated.
Democratic People should have input to indicator choice and have 
access to the results.
Participatory People should be able to measure indicators for themselves; 
measurement should not be based on obscure issues.
Verified The homogeneity of interpretation can be assured through 
the use of external verification.
Simple Information should not be overly complicated. Indicators 
should be useful to all stakeholders.
Sensitive The indicators must reflect any changes in issues 
effectively.
Leading Information must be provided in time to act on it.
Timely The information should not take too long to collate.
Sufficient There should not be too much information to comprehend 
yet information should not be too little to give an adequate 
interpretation of the issue.
Tentative The indicators should be available for discussion, learning 
and change.
Communicative Indicators should provide information to all stakeholders 
and be easy to understand.
Economical The collection of indicators should balance the information 
requirement with the available resources.
Relevant Indicators must remain relevant to the issue it depicts.
Reliable The information collected should come from reliable 
resources.
Each indicator can be assessed based on these characteristics in order to affirm whether the 
indicator is suitable or not. In many instances this is not a simple yes or no answer. For 
example, the indicator may not be verified immediately, but it could be the case that it will be 
in the future. Therefore, a graded response to an indicator’s characteristics is required to 
ensure the full range of responses is accommodated. Therefore, the characteristics have been 
placed in a matrix similar to ones produced for risk assessment, demonstrated in Table 2. 
When indicators have characteristics that can be graded within the dark grey boxes of the 
matrix the indicators can be interpreted as inappropriate for use. The more dark grey boxes 
correspond to an indicator, the more important that the indicator displays the characteristic. 
In this way the matrix demonstrates that certain characteristics are mandatory for indicator
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sets such as: communicative, economical, relevant and reliable. Other characteristics allow for 
a more flexible response (for example physical, hierarchical and supplementary;). Ideally 
indicators should possess a minimum of four characteristics (the number of mandatory; 
characteristics). A complete indicator set should have an average of 10 characteristics within 
the first column (“meets the characteristic very well”). The indicators developed should rank 
within the white or light grey boxes. The use of the matrix should counteract any difficulties 
that may arise due to subjectivity;. The matrix is designed for use by anybody dealing with 
indicator development and assessment. Each indicator should be evaluated against the 
characteristics in the matrix. This will ensure the indicators utilised within decision-making 
processes are effective. It cannot be seen as a conclusive indication. In the same way the 
meaning of value and SD changes, so too does the applicability; of an indicator. Therefore, an 
evaluation of the indicators must occur periodically;.
Table 2: Indicator M atrix fo r Evaluation
decreasing suitability
Indicator
Characteristics
m eets the 
characteristic 
very well
meets the 
characteristic
like ly to meet the 
characteristic
can be changed 
to  m eet the 
characteristic
does not m eet 
the  characteristic
Physical
H ierarchical
Supplem entary
Approp. in scale
Dem ocratic
Participatory
Verified
Sim ple
Sensitive
Leading
T im ely
Suffic ient
Tentative
Com m unicative
Econom ical
Relevant
Reliable
It is not effective to develop exhaustive lists of indicators. Indicator availability; is no longer 
the important issue in relation to indicator development; it has shifted to indicator suitability; 
(WThrmey;er et ak, 2001). The indicators must reflect a number of levels within the 
organisation: operational, product and process. In the case of the Shell Group the indicators 
developed must be based on the sustainability principles that derive from the Sustainable 
Development Management Framework (SDMF) (displayed in Figure 1) and the meaning of 
SD and sustainability; to the organisation. The indicators produced should retain applicability; 
for both internal and external decision making processes. Figure 3 demonstrates an indicator 
framework that can be interpreted for use within all organisations.
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Figure 3: The Indicator Framework for Industry
Concept 1=0 Criteria [= 0  Indicators
/ \
Existing management 
frameworks (e.g. 
SDMF)
Definition of SD and 
.sustainability to the 
organisation
/  t \
Operational
The principles that guide the progre.ss towards 
sustainability of the organisation (e.g. EP 
sustainability principles)
The framework is similar to the GRI approach of category, aspect and indicator. However, the 
inclusion of concept allows for more focused consideration of SD and sustainability; thereby; 
making it more applicable for industrial systems. Concept refers to the basis of SD within the 
organisation. This could be through a vision statement, plan or management framework. 
Bossel (1999) noted that indicators may be different but if based on the same principles it is 
likely that sustainability assessments will produce comparable results. The inclusion of criteria 
is important as it allows for a degree of interpretation between different indicator sets to be 
made. The criteria constitute principles of working life that are key; to the progression of the 
organisation towards SD. In the context of this project the criteria have been taken as being 
sustainability; principles that have been developed by the Exploration and Production (EP) 
section of tlae Shell Group. The principles were developed to ensure integration of the 
environment, economy and society; to balance short term wants with long term needs. The 
indicators are developed for a variety of purposes. Organisations that form part of a supply 
chain face an important challenge as reporting may require addressing the total life cycle 
impact of the product or process. Azapagic and Perdan (2000) noted that most of the 
frameworks produced to date recognise the importance of life cycle considerations but 
boundaries of the studies tend to be at the manufacturing site. Witliin the petroleum industry; 
there exists an interesting consideration in that the entire supply chain tends to be contained 
within a single organisation; therefore, reporting requirements are comprehensive. It also 
poses a unique opportunity; to ensure that the full “cost” of a product or process is assessed 
within the development of indicators. The operational indicators present a more substantive 
consideration of the industry;’s operations as whole.
3. Product Case Study
The work associated with this case study was completed as part of an assessment of 
sustainability; of Rapeseed AIethy;l Ester (RME) biodiesel. Research revealed that a great deal 
of attention had focused on the environmental aspects (Altin, 2001; BABFO, 1994; BABFO, 
1999; Kraus et ak, 2000; Peterson and Hustrulid, 1998; Reinhardt and Jungk, 2000). 
Information on social concerns was harder to obtain. The project exposed a number of key 
points in relation to work on social indicators. In particular it highlighted the added 
complexity; from the introduction of stakeholders to the decision-making process. The Shell 
Group had done no previous work on social concerns of products. Inn order to structure the 
analy;sis a Social Impact Assessment (SIA) perspective was taken.
SIA is defined as a process that predicts the significant social effects of an activity; (Barrow, 
1997). Traditionally within the Shell Group SIA has been used to interpret social concerns at
a process level. However, the categories^ the SIA offers provide an effective method for the
D ev e lo p ed  by  Shell E x p lo ra tio n  and  P ro d u c tio n  (R P) in  the in te rn a l H S R  M anua l Y ellow  G uide: “ Social Im pact 
A ssessm en t”  R P  95-0371. T h e  ca tegories are: d e m o g rap h ic  im p ac ts , so c io -e co n o m ic  im p ac ts , h ea lth  im p ac ts , im p ac ts  on
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management of social concerns at a product level. With demographic impact the focus is on a 
change in the size or make-up of the population. The principal demographic impact is 
migration. When dealing with RME biodiesel there is currently a diminishing agricultural 
industry that has important repercussions on the rural community. People are migrating from 
the rural areas in pursuit of employment and improved standard of living as rural income 
decreases. The growth of rapeseed may be a contributory factor through increased 
employment (whether direct or indirect) and additional income to encourage the industry to 
recover from its current demise. The socio-economic impacts of RME biodiesel refer to the 
level of employment creation (particularly long-term). It is important to investigate the health 
impact of rapeseed plantations on asthma and hay-fever plantations (impacts related to health 
from emissions is incorporated within the environmental work, an example of the distinction 
that must be made between social and environmental impacts to ensure avoidance of double­
counting). The impact on social infrastructure and impact on lifestyle is currently at a 
theoretical stage. They require consideration of impacts such as the migration of people to an 
area and people’s attitude towards using RME biodiesel as opposed to conventional fuel. The 
impact on cultural property (meaning the use of areas where there is an example of cultural 
heritage such as a burial mound) is an impact that will require attention at an individual site 
level. Site specifics of each plantation and production site must take cultural aspects into 
account. The social equity of impacts requires an understanding of the stakeholder groups 
that will benefit and be adversely affected by the introduction of RME biodiesel. This 
introduced the need for stakeholder identification and engagement associated with the 
development of social indicators.
Taking into account the indicator framework proposed within this paper it was possible to 
develop a number of indicators designed to reflect the social concerns of RME. A number of 
these are included in Table 3. The indicators chosen reflect the main issues identified with the 
introduction of RME biodiesel to the marketplace.
Table 3: A. Sample of Indicators Producedfor Rapeseed Methyl Ester (RME) Biodiesel
Use resources 
efficiently
SDI: Average distance the product travels from agriculture to 
biofuel producer and finally to the end user 
SDI: Amount of land required to produce RME
Respect and 
safeguard people
SDI: Level of toxicity
SDI: Level of change required to the current fuelling structure
Minimise impact 
on the environment
SDI: Level of exhaust emissions
SDI: Number of hay fever and asthma sufferers found near to 
RME crops
Engage and work 
with stakeholders
SDI: Acceptability of fuel to consumer 
SDI: Affect on engine performance
Maximise benefits 
to the community
SDI: Level of employment
SDI: Amount of RME required from other countries
Maximise
profitability
SDI: level of investment required for production 
SDI: Price of fuel for consumer
The indicators were formulated using information from a number of stakeholders that were 
contacted regarding the project. In recent years many organisations have faced significant 
challenges in identifying and responding to society’s increasing concerns about how they 
should conduct their business. The issue of public input to the decision-making process is 
gaining momentum, particularly in regards to social concerns. The market development of
socia l in fra s tru c tu re , im p ac ts  o n  n a tu ra l reso u rces , im p ac ts  o n  lifesty le , im p ac ts  o n  cu ltu ra l p ro p e r ty  a n d  socia l equ ity  o f  
im p ac ts.
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biofuels, more specifically the formation of biodiesel through Rapeseed Methyl Ester (RME) 
is one issue where the social concerns could outweigh the traditionally measured economic 
aspects.
4. Process Case Study
The second case study required attention to be placed on the development of indicators to 
reflect a process’s operation. Sakhalin Energy Investment Company (SEIC) Ltd. is 
constructing a Liquefied Natural Gas (LNG) facility along the south coast of Sakhalin, Russia. 
A literature review was produced on all previous cases where work of a similar nature had 
been undertaken by industry; and the lessons learned were highlighted. Stakeholder 
identification and engagement was carried out in Sakhalin by a qualified social scientist from 
the Shell Group. The Research Engineer used the results from the literature review and the 
engagement process to identify the social indicators that were related specifically to work 
impacts; these are demonstrated in Figure 4.
Figure 4: A  \F''eb of Indicators Related to Work Issues Regarding Social Impacts
Num ber of locals In managem ent 
positionsAbsenteeism
Expectation of
nteraction
W i t h  others Housing
w orkEmployees Income
Loca
Health
Average level of education of 
workers
Percentage of jobs 
filled by local people
Average wage levels In 
relation to local 
average
►
Training
W o rk in g  î  
> ^ p r a c t i c e s
Average wage 
level
Num ber of trained 
Individuals leaving the 
company
W ork accidents
Num ber of hours spent per week 
training
Average working hours per week
Figure 4 demonstrates an important aspect of developing indicators of SD. Robert (2000) 
described how the ecosphere’s ability; to sustain productivity and biodiversity; is dependent on 
very complex interactions between the various species within ecosystems and within different 
ecosy^stems. The interaction found within the natural world should be reflected in the 
indicators that are developed. The world consists of environmental, economic and social 
events that affect the world as a whole, and the local community; in a variety; of ways. These 
events also impact upon each other; therefore, display;ing the basic web structure highlighted 
in Figure 4. The indicators were also constructed within the indicator framework, an example 
of the indicators are displayed in Table 4.
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Table 4: A  Sample of the Indicators Producedfor The Sakhalin Case Study
Use resources 
efficiently
SDI: The number of years of oil or gas available for extraction 
SDI: The average hours spent by employees on training each 
year
Respect and 
safeguard people
SDI: The current number of employees 
SDI: The average working day for employees
Minimise impact 
on the environment
SDI: The frequency of emissions testing every month
Engage and work 
with stakeholders
SDI: A plan for stakeholder dialogue is in place 
SDI: The frequency of meetings (each year) between the 
company and local community
Maximise benefits 
to the community
SDI: The number of employees that have been employed 
from a 30 mile radius to the process 
SDI: The percentage of aU suppliers that have come from the 
local area (radius 30 miles)
Maximise
profitability
SDI: The level of investment required by the Shell Group or 
majority partner to maintain the licence to operate 
SDI: The price (e.g. per barrel of the product).
5. Discussion
The development of indicators of SD has been undertaken on a product and process level 
within this paper. Analysis of social concerns from a product or process perspective requires 
very different thinking. The indicators demonstrated within this work highlight this point. 
For example, indicators to reflect the social concerns of products are, to a great extent, out of 
the control of the company. People’s perceptions and the value they place on certain 
products, both socially and economically are very difficult to predict. For instance, perhaps 
surprisingly modern society places a stronger emphasis on the performance of petroleum 
products as opposed to the environmental impacts. It is questionable whether this preference 
win remain and if it does change it is crucial to the decision-making of a petroleum industry to 
understand and recognise when this happens. The inclusion of social concerns within 
decision-making associated with products; therefore, requires a high level of interaction. The 
process of stakeholder engagement becomes crucial to understanding people’s perceptions 
and concerns. The indicators demonstrated reflect this, such as “Acceptability of the fuel to 
the consumer”. The only way accurate information on this subject can be collated is through 
effective stakeholder engagement. The petroleum industry must ask stakeholders how they 
value the product in order to know whether the product can become (or remain) successful. 
The use of external decision-making processes is vital to indicators developed for products. 
On the other hand the process indicators reflect issues that far more within the control of the 
company. The company has direct control over the inputs and outputs from the site. 
Therefore, careful monitoring and minimising adverse impacts could deem the site successful. 
There are exceptions where stakeholder engagement is required predominantly when a new 
process site is proposed and approved. What is more important is that communication levels 
remain open and transparent and so issues such as stakeholder dialogue are introduced as 
indicators. The social concerns that are of most importance to a process site are those of the 
employees. Internal decision-making processes; therefore, become the crucial focus of 
attention.
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6. Conclusion
The introduction of this paper highlighted the fact that there is no simple answer when 
dealing with concerns. The discussion on the case studies reiterated this point. The 
recognition that SD and sustainability incorporate philosophical elements and; therefore, elude 
simple definition goes some way to explaining this. However, the work on producing an 
indicator framework and method of evaluation demonstrates that structure can be placed to 
accommodate social concerns. There may be variations, particularly on the level of 
stakeholder engagement but a common structure does allow for some commonalities to be 
identified. Product and process level indicators can both be based on the same principles: use 
resources efficiently, respect and safeguard people, minimise impact on the environment, 
engagement and work with stakeholders, maximise benefits to the community and maximise 
profitability. They both offer critical tools for decision-making; the product indicators are 
predominantly used for external decision-making, whilst process indicators focus on internal 
processes. Both demand the inclusion of social concerns and this demands an understanding 
of the values and judgements held by today’s society. In association with this is the realisation 
that social concerns cannot be addressed by a single decision. The original decision will need 
revision and updating through information that arises from the use of the indicators of SD. 
Just as the meaning of SD and sustainability will change and evolve over time, so too will 
social concerns and this must be accommodated within decision-making processes.
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ABSTRACT
There is increasing realisation within the petroleum industry of the need to incorporate social 
concerns into decision-making processes, particularly to assign quantitative figures to 
qualitative data by means of indicators of sustainable development (SD). This paper proposes 
a method of evaluation and a framework for effective development of indicators of SD. Both 
have been tested through application to a case study that focused on the social concerns of 
RME biodiesel. This work highlights the importance of indicators when stakeholder 
engagement is not a viable option (for non-strategic decision-making processes). It also 
highlights four categories of social concerns that should be accounted for when investigating 
product sustainabihty (impacts on health, impacts on surroundings, impacts on current 
lifestyle and effects on consumer perception).
INTRODUCTION
“business is facing unprecedented scrutiny, risks and challenges as dramatic change 
sweeps the world. To continue our history of profitable growth, we must respond to a 
range of issues that define the world we live in now and the forces that will shape the 
future. Being trusted to meet soaety’s expectations is key to our long-term success”
Shell Report 2001 (People, Planet and Profits)
This statement highlights that the petroleum industry must take into account social concerns 
within decision-making processes. The tmst placed by today’s society on an industry’s 
operations is fundamental to its survival. To deal with this issue industry is looking towards 
implementing management frameworks based on sustainable development (SD) and related 
issues such as corporate social responsibility. The integration of SD is intended to allow for 
identification and management of social, environmental and economic impacts. The concept 
of SD was introduced in the early 1980s by the World Conservation Union. It achieved a new 
status with the publication of “Our Common Future”, the Bmndtland Report, in 1987 where 
it was defined as meaning:
‘fleeting the needs of the present generation without compromising the ability of future 
generations to meet their own needs” (WCED, 1987, p. 43)
This statement provides a good introduction to the thinking behind SD. However, when 
looking at practical implementation of the concept the definition is too ambiguous; in fact 
there is much discussion in current literature as to how one can define SD and sustainability. 
The problem with SD definitions to date has been their readiness to produce an all- 
encompassing statement. The desire for a simple statement that can be understood and 
interpreted by all, in any situation is illogical as society has different dimensions (including 
technological, philosophical, economical and environmental). SD has a relevance on all these 
levels that makes it impossible to produce one definitive statement. This does not mean it is 
impossible to define the term it simply means that any definition is bound to the context and
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the dimension it refers to. These definitions of SD can be applied to a certain aspect, for a 
particular point in time.
This paper is focused on the petroleum industry. Defined here is that SD is a requirement 
that the petroleum industry must work towards ensuring that the use and demise of oh 
reserves does not lead to negative impact on people’s quality of life (for current and future 
generations) or the longevity of the industry. Sustainability is taken to mean the ideal where 
society, environment and the economy have all reached a favourable state and can be 
maintained at that level. The different sections of these definitions cannot be taken in 
isolation so that to believe that by maintaining the economic longevity of the industry they can 
be viewed as sustainable is misleading. The societal implications of business operation must 
also be accounted for within decision-making associated with SD.
In order to assess whether the three elements of SD are being incorporated by today’s 
industry a method of measurement is required. The production of indicators of SD allows for 
monitoring of an industry’s path towards sustainability. Without them there is the risk of 
disjointed and inappropriate decision-making. Just as there is no widespread agreement on the 
meaning of SD and sustainability there is no recognised method of evaluating or producing 
indicators (Farrell and Hart, 1998). Therefore, it is necessary to identify criteria for evaluating 
SD indicators. This is the first subject tackled by this paper, which then evolves to investigate 
the social concerns that are arguably the most difficult area of quantitative analysis because of 
their basis on qualitative issues.
INDICATORS OF SUSTAINABLE DEVELOPMENT (SD)
In order to develop an accurate means of producing and evaluating indicators it is important 
to understand what they comprise. Indicators are typically numerical measures that provide 
key information about a physical, social or economic system. They go beyond simple data to 
show trends or cause-and-effect relationships (Veleva et al., 2001). Indicator frameworks are 
groups of indicators that capture different facts of a complex phenomenon. Many of the sets 
developed to date have a number of problems associated with them. For example, many 
frameworks are still focusing on one element of sustainability such as the Lowell Centre for 
Sustainable Production Framework (environmental) (Veleva et al., 2001), the Global 
Reporting Initiative (environmental) (GRl, 2000) and the Accountability 1000 framework 
(social) (AccountAbüity, 1999). These frameworks are aimed to expand into other elements 
of sustainability in the future. The framework presented within this paper is an attempt to 
incorporate all elements of SD and sustainability from the outset.
EVALUATION OF SD INDICATORS
The starting point for conceptualisation and practical implementation of indicators is the 
establishment of the qualities that are of most use within an indicator set. Table 1 provides a 
list of characteristics that have been compiled from research available in the field (particularly 
Meadows, 1998 and Moldan and Billharz, 1997). Each indicator can be assessed based on 
these characteristics in order to affirm whether the indicator is suitable or not. In many 
instances this is not a simple yes or no answer. For example, the indicator may not be verified 
immediately, but it could be the case that it will be in the future. Therefore, a graded response 
to an indicator’s characteristics is required to ensure the full range of responses is 
accommodated.
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Table 1: The Characteristics of Indicators
Physical Money and prices are inflatable and unstably 
exchangeable.
Hierarchical A user should be able to delve down to detail if desired 
but also obtain the general message quickly.
Supplementary A user should be provided with information on issues 
that they cannot measure for themselves (such as 
radioactive emissions).
Appropriate in 
scale
Not over or under aggregated.
Democratic People should have input to indicator choice and have 
access to the results.
Participatory People should be able to measure indicators for 
themselves; measurement should not be based on 
obscure issues.
Verified The homogeneity of interpretation can be assured 
through the use of external verification.
Simple Information should not be overly compHcated. 
Indicators should be useful to all stakeholders.
Sensitive The indicators must reflect any changes in issues 
effectively.
Leading Information must be provided in time to act on it.
Timely Coming at the right point in time.
Leading Information must be provided in time to act on it.
Timely Coming at the right point in time.
Sufficient There should not be too much information to 
comprehend yet information should not be too Httle to 
give an adequate interpretation of the issue.
Tentative The indicators should be available for discussion, 
learning and change.
Communicative Indicators should provide information to aU stakeholders 
and be easy to understand.
Economical The collection of indicators should balance the 
information requirement with the available resources. 
The information should also not take too long to collate.
Relevant Indicators must remain relevant to the issue it depicts.
Reliable The information collected should come from reliable 
resources.
The characteristics have been placed in a matrix similar to ones produced for risk assessment 
to allow for graded responses', as shown in Table 2. Increasing number of dark grey boxes 
corresponding to an indicator means the indicator becomes more fundamental. In this way 
the matrix demonstrates that certain characteristics are mandatory for indicators such as: 
communicative, economical, relevant and reliable. Other characteristics allow for a more 
flexible response (for example, physical, hierarchical and supplementary). Ideally indicators 
should possess a minimum of four characteristics (the number of mandatory characteristics). 
A complete indicator set should have an average of 10 characteristics within the first column 
(“meets the characteristics very well”). The indicators developed should rank within the white 
or light grey boxes. The use of the matrix is intended to avoid or minimise subjectivity. The
Examples of a Risk Assessment Matrix can be found at http://www.sverdruD.com/safetv/workmatrix.pdf and 
iittp://www.controlena.com/arciiives/2000/ct10101.00/0001 auw1 .fitm
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matrix is designed for use on all indicators by anyone dealing with indicator development and 
assessment (not just those involved with the petroleum industr}J. Each indicator should be 
evaluated against the characteristics in the matrix, to ensure the indicators utilised within 
decision-making processes are effective. A re-evaluation of the indicators should occur 
periodically.
Table 2: Indicator M atrix for Tivaluation
decreasing suitability ^
Indicator
Characteristics
m eets the 
characteristic 
very well
m eets the 
characteristic
likely to m eet the 
characteristic
can be changed  
to m eet the 
characteristic
d o es  not m eet 
the characteristic
Physical
Hierarchical
Supplementary
Approp. in scale
Democratic
Participatory
Verified
Simple
Sensitive
Leading
Timely
Sufficient
Tentative
Communicative
Economical
Relevant
Reliable
FRAMEWORK FOR INDICATORS OF SUSTAINABLE DEVELOPMENT (SD)
It is not effective to develop new sets of indicators, as their availability  ^ is no longer the 
important issue in relation to indicator development; it has shifted to indicator suitability  ^
(Wehrmeyer et al., 2001). For industry, suitability means that the indicators should reflect a 
positive evaluation according to Table 2 across a number of levels within the organisation: 
operational, product and process.
In order to assess whether a product is “sustainable” indicators must be developed based on 
the evaluation framework demonstrated in Table 2 and there must also be a sohd and reliable 
framework. The role of a framework is to show whether the indicators are balanced, whether 
or not they reflect the full range of sustainability- concerns (Farrell and Hart, 1998). Figure 1 
demonstrates an indicator framework that can be interpreted for use within all organisations.
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Figure 1 : The Indicator Framework for Industry
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Bessel (1999) noted that indicators may be different but if based on the same criteria it is likely 
that sustainability assessments will produce comparable results. To address this fact, the 
concept refers to the overall approach of an organisation towards SD and sustainability. This 
refers to the definitions of petroleum industr}  ^ that were outlined earlier in this paper, but it 
also incorporates the management framework of SD that is specific to the Shell Group (the 
SDMF), demonstrated in Figure 2.
Figure 2: The Shell Sustainable Development Management Framework (SDMF)
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From the SDMF a number of sustainabilit}' principles have been derived. The principles refer to 
the generalised statements that, put together as a whole, provide the constituent elements of 
the concepts. In other words, the “stepping stones” the industry must negotiate in order to 
become sustainable. For the Shell Group" the principles that are associated with the SDMF 
are given as:
• Respect and safeguard people;
• Engage and work with stakeholders;
• Minimise impact on the environment;
The Exploration and Production (EP) section of the Shell Group devised the principles to integrate the SDM F  
into business processes.
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• Use resources efficiently;
• Maximise profitability;
• Maximise benefits to the community.
The principles are the intermediary between the SDMF and indicators of SD as displayed in 
Figure 1. The indicators are developed for a variety of purposes (product, process and 
operational - as stated previously in this case focus is placed on product indicators of SD). In 
order to assess the evaluation and framework, a case study was undertaken within the 
petroleum industry that focused on the development of indicators of SD.
THE INTEGRATION OF SOCIAL CONCERNS INTO PRODUCT INDICATORS
The SDMF (Figure 2) is the principal medium for communicating SD within the Shell Group. 
It is well applied in relation to process sites and from the perspective of guiding business 
practices it is effectively incorporated. The area of operation that has received the least level 
of attention to date has been the sustainability of products. In particular, social concerns have 
often been neglected. There is not the drive to guide consumer choice as in other industries 
that require a closer relationship with their customers (such as Unilever and Proctor and 
Gamble). When people require products from the petroleum industry they predominantly 
base their decision on price. However, an awareness of the social implications of certain 
products is essential. For example, there is no point in developing a fuel that is more 
“environmentally-friendly” if the need to increase its price leads to poor market take-up. The 
effective identification of social concerns is an integral part of recognising if this situation 
could arise. There can also be a negative impact on sales if the upstream impacts of the 
business are not accounted for. The impacts of boycotts arising from the issue of Brent Spar 
have highlighted the point that the petroleum industry must manage its social concerns. The 
need to measure these issues calls for a need to assess and probably quantify the 
predominantly qualitative issues such as preference, quality of life and human needs. To begin 
to tackle these issues it was important to undertake some practical investigation. Without a 
case study it would be very difficult to understand how the application of quantitative figures 
to qualitative issues could be effectively achieved. The case study demonstrated focuses on 
the social concerns of, RME. The petroleum industry is beginning to move towards the 
development of “greener” fuels and it is very important to understand the implications on 
social concerns that this change could cause.
RAPESEED METHYL ESTER (RME) BIODIESEL
The work associated with this case study was completed as part of an assessment of 
sustainability of Rapeseed Methyl Ester (RME) biodiesel, a “renewable” transport fuel. This 
product could be introduced as the principal alternative to petroleum diesel if the economic 
conditions (in terms of taxes) were suitable. Information on the social aspects of biofuel 
production was scarce. Yet, it could have significant impact on the rural communities in 
terms of encouraging the agricultural industry. The development of RME biodiesel is such a 
radical change in terms of the feedstocks and production processes from traditional fuel 
production processes that the full extent of its impact in terms of sustainability was required. 
The involvement explained is related to the social concerns of RME biodiesel.
Some level of stakeholder identification and engagement is required in order to ensure the 
correct social concerns are focused upon. Stakeholder involvement in decision-making 
processes of organisations is due to a variety of incentives (Zadek et al., 1997; Gumming, 
2001). Firstly, the use of stakeholders can be due to organisational decision-makers seeking to 
understand the perceptions and requirements that stakeholders have of the organisation. The 
aim is to anticipate the possible effects that these opinions may have on future business
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activities. Secondly, inclusion can be due to public interest leading to legislative and opinion 
driven pressure. In the case of RME biodiesel the driver for stakeholder work was due to the 
impact of opinion on business activities. One of the methods for stakeholder identification 
would be where the stakeholders identify each other, a reflexive identification process (co­
nomination). An initial stakeholder map for RME biodiesel was established and is 
demonstrated in Figure 4.
Figure 4: Stakeholder Map for Rapeseed Methyl Ester (RME) Biodiesel
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The initial stakeholder map was developed to ask different groups for information on RME 
biodiesel and to identify whether they felt any other groups should be involved within the 
engagement process. The research was not going to affect the operation of the business in the 
short term; therefore, it was not deemed necessary to conduct the stakeholder engagement 
sessions. Emphasis in these situations is placed on the production of indicators^. These were 
produced using the indicator framework outlined in this paper (Figure 1) with the principles 
guiding the indicators that were chosen displayed in Table 3.
As this was a first attempt at producing indicators using the evaluation and framework a number of key 
organisations (20 organisations involved specifically with biodiesel) were contacted with the specific question 
as to whether they felt the indicators revealed the true level of social concerns regarding RM E biodiesel.
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Table 3: Principal Indicators Produced for Paipeseed Methyl Ester (RME) Biodiesel
CONCEPT PRINCIPLES INDICATORS
The SDMF
Use resources 
efficiently
SDL Average distance the product travels from 
agriculture to biofuel producer and finally 
to the end user 
SDI: Amount of land required to produce RME
Respect and 
safeguard people
SDL Level of toxicity
SDL Level of change required to the current 
fuelling structure
Minimise impact 
on the
environment
SDL Level of exhaust emissions 
SDL Number of hay fever and asthma sufferers 
found near to RME crops
Engage and work 
with stakeholders
SDL Acceptability of fuel to consumer 
SDL Affect on engine performance
Maximise 
benefits to the 
community
SDL Level of employment 
SDL Amount of RME required from other 
countries
Maximise
profitability
SDL Level of investment required for 
production 
SDL Price of fuel for consumer
Table 3 shows the principal indicators (selected from a full set of 20) in regards to social 
concerns. They were chosen to reflect the main issues identified within the introduction of 
RME biodiesel to the marketplace. By studying the indicators selected it is possible to deduce 
that they reflect a number of fundamental social concerns (that can also be interpreted as the 
social principles):
• Impacts on health (level of toxicity, level of exhaust emissions, number of hay fever 
and asthma sufferers);
• Impacts on surroundings (amount of land required to produce RME, average 
distance the product travels from agriculture to biofuel producer);
• Impacts on current lifestyle (level of change required to current fuelling structure, 
affect in engine performance, affect on engine performance, price of fuel for 
consumer, level of employment);
• Effect on consumer perception (acceptability of fuel to consumer);
These social concerns can also be interpreted as the social principles. The principles 
demonstrated in Table 3 relate to sustainability principles. Therefore, Table 4 should also 
include indicators on environmental and economic impacts (these have been omitted from 
presentation to ensure attention remains focused on social concerns) as opposed to simply 
focusing on the social impacts. The four categories of social principles are focusing on 
interpreting the impacts of the product on an individual basis. The remaining indicators 
include the amount of RME required from other countries and the level of investment 
required for production these are particular to the RME case study. They take the social 
concerns from more of a community basis as opposed to looking at the individual impacts. 
The introduction of a “new” fuel such as RME is likely to require a significant amount of 
investment in areas such as research, which is likely to be passed onto the consumer either 
through increasing the price of the product, or through increased taxes. The amount of RME 
required from other countries was of particular importance (emphasised by Dutch and 
Bulgarian companies) with the possible issues of increased demand with insufficient supply. 
One of the major reasons that attract countries like Bulgaria to RME is the “energy
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independence” it would present. Therefore, the ability to grow the majority of the feedstock 
in the host nation is preferable.
A number of the indicators demonstrate the linkages with other aspects of sustainability 
(economic and environmental). For example, the ^Erice of fuelfor consumed^  is socio-economic 
whilst the “Eevel of tox id if is socio-environmental. In the experience of the case study the 
indicators provide a useful, manageable aid to the decision-making process for the integration 
of social concerns. They have avoided the need for extensive and time-consuming 
stakeholder identification (although this process was initiated within the case study — Figure 4 
— the stakeholder work could not be taken through to a satisfactory conclusion). However, 
had the decision been strategic there must have been the use of stakeholder engagement to 
ensure all possibilities were accounted for.
The work outlined on RME biodiesel has provided an important first step on producing a 
meaningful measure of SD. The issue of stakeholder engagement hampering attempts at 
stakeholder engagement was originaUy viewed as a problem. However, it aids the realisation 
that stakeholder engagement is a time-consuming process and it is important not to “exhaust 
the stakeholders”, particularly the key ones that are likely to be consulted repeatedly if a cut­
off point is not in place. The future work of this project will continue to develop social 
indicators in order to produce an indicator portfolio. This selection of indicators can then 
provide a useful means of decision-making for the petroleum industry. When a product is 
being developed or assessed the indicators can be reviewed and the relevant ones selected.
CONCLUSION
The indicators formulated during the case study of RME biodiesel has helped to identify that 
there are four categories of social concerns that must be accounted for when investigating 
product sustainability. The categories are: impacts on health, impacts on surroundings 
impacts on current lifestyle and the effects on consumer perception. The indicators also relate 
to other issues including the environment and economy and it is possible and useful to 
identify where these linkages occur. In this way work can move towards producing effective 
indicators of SD. Recognition of the importance of SD and sustainability to business 
processes was highlighted in the introduction with explanation of their definitions from the 
context of this research. They are dynamic and extensive terms that have eluded simple 
definition. By reducing the boundaries and taking their meaning specifically to the petroleum 
industry has led to the development of effective definitions. SD is interpreted here as a 
requirement that the petroleum industry must work towards ensuring that the use and demise 
of oil reserves does not lead to negative impact on people’s quality of life (for current and 
future generations) or the longevity of the industry. Sustainability is taken to mean the ideal 
where society, environment and the economy have aU reached a favourable state and can be 
maintained at that level. The understanding of what these terms mean to the petroleum 
industry provide the concrete basis for a method of measurement for decision-making, the 
indicators of SD.
By developing a method of evaluation and a framework for indicator selection the intention 
was to provide a holistic approach to measuring for SD. Indicators were developed for a 
product (RME biodiesel) using the evaluation and framework with the attention placed on 
social concerns. The societal aspect with its qualitative and quantitative impacts had proved 
difficult for the company to grasp (in terms of products) to date. The case study highlighted 
the importance of indicators where non-strategic decisions are involved. This paper has 
presented a method for incorporating social concerns into useful indicators of sustainable 
development. The perspective has been taken from the petroleum industry but it presents
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useful learning points for aU industries in terms of evaluating and grouping indicators of social 
concerns.
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Abstract
Development o f sustainable development (SD) indicators for products provides an 
excellent opportunity for the petroleum industry to make real operational changes in the 
integration of SD. However, it also presents a challenge to the traditional thinking 
undertaken by business with introduction of philosophical elements in the 
interpretation and inclusion of Value’. This complexity of developing effective 
indicators is explored within the paper and an attempt is made to develop indicators 
that can be used for internal and external decisions of the petroleum industry.
Keywords: Sustainable development indicators, product assessm ent, decision-making,
value
1.0 Introduction
‘indicators of sustainable development need to he developed to provide solid basesfor decision­
making at all levels and to contribute to the self-regulating sustainability of integrated 
environment and development systems” Chapter 40.4 o f Agenda 21 from the UN Earth
Summit in Rio, 1992
Agenda 21 is a global action for achieving sustainable development (SD) and it has provided a 
useful starting point for many government and industry-based projects. Business is a major 
factor in promoting SD but surveys demonstrate that firms still find the concept o f SD ‘hard to 
operationalise’ [1]. It tends to be treated as an extension to environmental management when 
in fact it is much more.
SD is typically defined as meeting the needs of the present generation without compromising the ability of 
future generations to meet their own needs. While no single definition can claim universal agreement, 
this is the classic definition o f the term provided by the Bmndtland Commission [2] upon which 
nearly all other versions are based. The key point to note is that SD is a concept that 
emphasises the need to establish a balance between — and ultimately an integration o f — 
environmental, social and economic concerns, much more than environmental management. 
These issues cannot be treated as though they are mumaUy exclusive or in competition with one 
another. SD is more than an aggregation o f the important issues; it is also about their
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interlinkages and the dynamics developed in a system. To understand the complexities o f these 
dynamics and interlinkages the meaning and application o f SD should take place at a level 
where boundaries are clear, for example at the levels o f companies, products, individual systems 
and processes [3]. The environmental, social and economic concerns must all be considered 
with a method of measurement to ensure progress is made in the right direction and stop the 
problem shifting from one concern to another.
Oil and gas extraction is a non-renewable activity. To operate, the industry is depleting natural 
resources, which is a key issue in the debate about SD and sustainability. The finite nature o f oil 
raises concerns over the inter- and intra- generational access to these resources. It is vital for 
the industry that the resource extracted is exploited to the fuU and that every effort is made to 
develop alternative renewable energy sources. The need for oil will not disappear overnight, 
modern life depends on it and it also provides significant levels o f revenue and taxes in a 
number o f countries. Until a viable alternative to oil can be found the social and economic 
importance o f oil ensures its use. The petroleum industry must maintain an awareness o f the 
current and emerging problems to ensure the environmental concerns are considered along with 
the social and economic ones. Only by measuring and communicating can the petroleum 
industry work with society and maximise acceptance levels o f the operations.
Measurement is one o f the main problems facing industry as they undergo a paradigm shift to 
meet the demands of SD [4]. There is growing public interest in, and concern over, levels of 
corporate environmental and social performance. The result is growing demands for better 
information, more action and greater transparency by business [5]. Industry must measure its 
operations in quantitative and qualitative terms that deal with people’s perceptions and beliefs 
rather than simply focusing on the traditional economic measures.
It is important to establish what work on sustainable measures is currently underway, to identify 
areas where gaps may be occurring. The petroleum industry has a number o f initiatives to 
measure SD at a high, corporate level. The majority o f companies have made a commitment to 
SD at some level, predominantly through mission statements. External reporting is increasingly 
popular with many companies, such as the Shell Group, producing annual reports that cover its 
SD concerns collectively. Analysis o f fourteen companies^ in 2002 by the research engineer 
found that petroleum companies have defined SD and developed policies related to the 
environment, labour rights and employee satisfaction as well as the broader social responsibility 
within the supply chain and to society at large. Education is critical to SD to ensure uptake is 
within aU levels o f an organisation. Legislation has meant that corporate responses to different 
concerns o f SD — environment, society and economy -  started at different points in time and 
have reached different stages o f development. This has a bearing on the implementation o f SD 
issues in the management and organisation o f business. Goals and targets related to health, 
safety and the environment have been formulated within all the companies. Issues such as 
employee attitudes and trust in the company’s policies tend to be measured within internal 
surveys and are not always publicly reported. Meaningful measures are needed that 
demonstrate performance effectively.
Social concerns have not been integrated in the management and reporting system to the same 
degree as HSE data. The effort of establishing meaningful and quantified indicators is not yet
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accomplished. Most companies are currentiy in the process o f developing indicators, but to a 
limited degree o f success. Often when indicators are used it is on a ‘snapshot’ basis rather than 
as a comparison to previous or future performance. Stakeholder dialogue in companies is often 
considered as simply being attendance at discussion groups organised by institutions like the 
World Business Council for Sustainable Development (WBCSD). Very few are organising 
internally driven stakeholder dialogue.
It would appear that SD is slowly integrating within the decision-making framework of 
petroleum companies, demonstrated through the large number o f sustainability reports being 
produced. However, effective identification and use o f indicators is currentiy lacking. There is 
a danger that the reports produced could revert to having Httle substance. The strong 
management commitments and poHcies regarding SD need to be transferred to the lower levels 
of the organisations to ensure SD has practical implementation. The real situation must be 
measured, not just the corporate level impacts that can become Httle more than a pubHc 
relations campaign. Therefore, attention has been placed on finding ways of effectively 
measuring the lower levels o f the business stmcture by focusing on developing SD indicators 
for product effects.
2.0 U se of indicators
Using both quantitative and quaHtative information, indicators become pieces o f information 
that reflect the status o f larger systems. Indicators cannot teU us everything about a system, but 
they should be able to teU us enough to make good decisions. Indicators go beyond simple data 
to show trends or cause-and-effect relationships. Veleva et al [6] noted that indicators have 
three key objectives:
1. To raise awareness and understanding;
2. To inform decision-making;
3. To measure progress towards estabHshed goals.
SD indicators must provide us with the abiHty to recognise the presence, or absence of, 
sustainabiHty in the systems under our stewardship [7]. They must provide the feedback that 
wiU help decision-makers to understand the existence and Hnks between environmental, social 
and economic concerns. By providing this information, SD indicators can counteract undue 
emphasis being placed on economic issues within industry. Indicators must be both meaningful 
— accurately portraying what is happening — and resonant, which aUows people to grasp the 
relevance to their own Hves [8].
The choice o f indicators is guided by what we wish to know and how the information wiU be 
used [9]. For them to be effective in creating change it is necessary that they reflect poHcies, 
which typicaUy mirror organisational or societal change. To decide upon a preferred future; you
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need to be able to compare what is to what ought to be so you know if you are headed in the right 
direction [10].
The development o f SD indicators in this paper focuses on product assessment in the 
petroleum industry. The aim of these companies in terms o f SD must be to ensure the use and 
demise o f oil reserves does not impact negatively on people’s quality o f life, now or in the 
future. Production o f petroleum products must ensure maximum benefit is obtained from the 
non-renewable components and attention must be placed on finding renewable alternatives that 
maintain technical excellence and usability for the consumer.
3.0 Advantages and pitfalls
Indicators provide concentrated information, which otherwise would require a significant 
amount o f data. Therefore, the evaluation and communication o f important parameters 
become instant and easy to understand. They also allow results to be reproduced and 
compared. AU this, though, strongly depends on the selection o f proper indicators. Meadows 
[11] produced a very useful guide to the problems that can arise from choosing and using 
indicators.
A lack of appropriate data may result in missing vital information, which could lead to 
measuring what is measurable rather than what is important. We may believe indicators are 
telling us one thing when in fact it relates to something else. For example, the price o f oil does 
not teU us about the abundance o f oil but instead tells us about the capacity o f current oil wells. 
It is important not to depend solely on the use o f indicators; we still need to use our own 
perceptions and experiences to ensure they reflect the real situation. Aggregating issues within 
an indicator set can imply a set o f trade-offs that may not exist. Aggregating different types o f 
data into one measure can result in unclear meaning, bad communication and analysis.
An indicator is simply a measure to make something, which is considered important, 
understandable [10]. It is important to understand the values that underpin this selection and 
evaluation o f indicators.
4.0 The importance of value to indicators
We do not carry reality in our heads; we carry mental models, assumptions about the world 
based on our personality, culture, language, training and experience. What is important to one 
person does not necessarily have any significance for another. Our mental models are 
extremely varied, which is one reason why we have trouble agreeing upon indicators to inform 
decisions [11]. The values^ we place on environmental, social and economic concerns are 
greatly influenced by our mental models. This fact must be recognised when dealing with 
indicator development and interpretation. An indicator is useful only if  it carries its information 
to a mind prepared to receive it, educated to its terms and units o f measurement, and actively 
engaged with the system illuminated by that indicator [11].
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Broad agreement exists on two approaches that address many of the moral issues that confront 
people: deontological and teleological perspectives. Deontological theory in its fundamental 
form is about making value judgements in complete separation from the consequences o f such 
judgements. The most significant thing to understand about deontological moral systems is that 
their principles are completely separated from any consequences such principles might have. 
Therefore, if you have a moral duty to lie, then lying is always right — even if that results in harm 
to others. In contrast, teleological base the righmess o f actions, or the moral value o f individual 
traits, on the ends or goals they promote or bring about.
In terms of SD, teleological theories allow a trade-off between different dimensions o f SD, as 
long as SD overall is achieved. In contrast, deontological argue that environmental, social and 
economic dimensions o f SD are distinct and cannot be traded-off against each other.
4.1 Deontological ethics
This is sometimes simply stated as “D o unto others as you would have them do unto you”. The 
theory is based on the work o f philosopher Immanuel Kant’s early 1800 writings. He believed 
in doing what was ‘right’, which came from an idealised notion of what a better world should 
be. The duty to make this a better world is something society takes upon itself. The test of 
what is ‘right’ would be: is this action something that would apply to everyone? Kant rejected 
the traditional theories o f morality (consequentialist) and argued that moral actions were based 
on a supreme principle o f morality, which is objective, rational and freely chosen. He stated 
that for the good of society we had to act on our own moral duty, not according to our feelings. 
It implied that everyone should act in a similar way because, without a right ethical system, 
society would be lost.
4.2 Teleological ethics
These are moral judgements based on thinking through the consequences o f our actions and 
doing what, in the end, we believe will bring about the greater good. There are two theories: 
ethical egoism and utilitarianism.
Egoism, or self-interest perspective, assumes that individuals and businesses operate by a 
rational calculation of their own interests. To a business, therefore, that would mean 
maximising profit (economic value) was paramount^. That can be viewed as business’ 
traditional approach to making decisions.
Utilitarianism means what we do is determined by the consequences o f what we do. W hen a 
decision adversely affects the greatest number o f people involved it is ‘wrong’. Individuals 
sacrifice their personal interests when they do not serve the general welfare. Modern society is 
increasingly focusing on an individual’s rights and heeds. The idea that people and business 
today should sacrifice themselves for others is difficult to accept.
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4.3 Ethics and business
The fact that the petroleum industry’s processes are damaging the environment is inescapable. 
However, as mentioned previously, modern Hfe is dependent upon it and so environmental 
concerns are being traded against the social and economic - a teleological perspective is taken. 
The justification for the existence of the petroleum industry is that despite its obvious 
unsustainable nature in the present, it wiU provide sustainable energy in the future.
It must be noted however that it is not possible to state that a certain ethical framework is 
applicable to the whole o f society or business. The ethics behind business today is difficult to 
place within such traditional frameworks. For example, businesses such as Nike employ 
children to produce products that the western world wants to buy. Based on utilitarianism the 
high number o f people in the West using the product outweighed the number o f children doing 
the work, so this made the decision to continue producing in this manner, correct. In terms of 
deontological ethics the impact on the children working means this is not something that would 
be applied in all cultures, so it should be stopped. Nike acts against this ethic and continues to 
be profitable. It operates within the utilitarian framework but this brings hardship to a number 
o f people. Business has traditionally followed the egoism framework with its need to maximise 
profit. However, work on SD requires a business to achieve profit, but perhaps not to a 
maximum but with consideration o f environmental and social consequences.
The question o f values within society is not possible to conclude as a scientific theory. 
Different circumstances and decisions will produce different results. SD and sustainability are 
concepts that have traditionally been dealt with through scientific and engineering approaches. 
The introduction o f the philosophical element through use o f terms such as Value’ means these 
concepts cannot be approached solely in a scientific fashion. It must be recognised that there is 
not necessarily an end-point or a right or wrong way to approach the subject.
5.0 Formation of an indicator set for product assessm ent
The indicators were developed for use within the petroleum industry. Therefore, their 
development must reflect the needs o f the organisations in that sector. An important point to 
note is that using the same measures for internal and external reporting helps to make the 
decision processes o f the organisation more transparent and increases the trust and perception. 
In an industry that has been viewed as acting dictatoriaUy [12] — the example o f Shell in Nigeria 
and the Brent Spar issue — this is an important consideration to make.
A number o f indicator sets exist at a variety o f levels ranging from local to international but 
with little standardisation [1,5,13 and 14]. The practical development o f indicator sets has 
predominantly come from government and local community levels. These measures tend to 
have very definite boundaries, particularly geographical. At government level, indicator work is 
straightforward because the roles and responsibilities are clear. Industry operates at a number 
o f levels with operations including manufacture, distribution, retail, marketing and management. 
It also works across geographical boundaries and the limits o f roles and responsibilities are 
often blurred. The majority of work on indicators within the petroleum industry so far has
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centred on corporate issues with the use o f high levels o f aggregation increasing the chances of 
missing and manipulating the issues. Focusing indicator development at a detailed level allows 
industry to measure where roles and responsibilities are clear. It also ensures that no issues are 
lost in the aggregation that would be required at a top-level.
Following theoretical considerations o f what comprise an ideal set o f indicators'^, product 
indicators were developed within an empirical study. The process began by establishing what 
SD meant in terms o f the organisation and the products. The aim of the petroleum industry in 
terms of SD must be to ensure the use and demise of oil reserves does not negatively impact people’s quality of life, 
now and in the future. In addition, production o f petroleum products must ensure maximum benefit is 
obtained from the non-renewable components and attention must be placed on finding renewable alternatives that 
maintain technical excellence and usability for the consumer. These statements were the basis for the 
indicator development with the measures chosen to reflect how far we are from achieving these 
goals.
Indicator development occurred during an empirical study that involved an analysis o f Shell’s 
Swedish product portfolio. Focus was placed on Sweden because it was seen as having the 
most stringent laws regarding sustainability issues [15]. A cross-section o f product types was 
investigated: industrial lubricants, food grade lubricants, metalworking fluids and fuels. This 
ensured the indicators were developed to reflect the effect o f all product types.
An initial list o f nine indicators was developed to reflect the statements regarding the meaning 
behind SD for the company and the products. The key to product indicator development was 
to ensure the indicators were presented in a clear format that was as simple as possible. The 
indicators were designed to be used internally and externally in a number o f countries and 
grouped into environmental, social and economic concerns. The initial indicators were:
Environmental: Social: Economic:
•  CO2 emissions • Effect on society’s health • Cost o f material
• Energy use • Perceived risk inputs
• Use o f non-renewable • Likelihood of employee • Cost o f labour
materials injury • Price o f the product
Carefully considering the importance o f value helped ensure the indicators had meaning to the 
greatest number o f people. It was important to focus attention on reflecting individual 
concerns, in addition to the traditionally measured group issues. These initial indicators were 
taken to the Shell Group’s global and product managers for their comments and feedback 
regarding how acceptable the initial nine indicators were. This led to interesting discussions that 
resulted in a number o f additional indicators being agreed to help with decision-making 
regarding the future o f their products. The flnal list o f indicators were:
Environmental:
• Energy use
• CO2 emissions
• Other emissions to air
• Impact on water supplies -am ount required, impact if spilt
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Environmental fate and effect 
Use o f non-renewable materials 
Recyclability
Amount o f waste to landfill /  special waste 
Biodiversity reduction
Social:
Perceived risk 
Effect on society’s health 
Product leads to reduced employment 
Likelihood of employee injury 
Restriction on product availability
Impacts on changed usage behaviour due to characteristics o f product 
Need for employee training 
Meets legislative requirements 
Product benefit: convenience
Economic:
Cost o f labour 
Cost o f material inputs 
Effect if stakeholder intervention 
Profit from the product 
Price o f the product 
Likelihood of reduced performance 
By-product utility
Interestingly, the economic indicators are fewest; these reflect the fact that to a certain extent 
the economic operation o f petroleum products is assured. Therefore, on an individual product 
basis few indicators were selected because if a product were not financially viable it would not 
be marketed. There was a desire to get away from the focus on economic analysis o f products 
and look towards socio-economic impacts regarding employment and training. Therefore, a 
number o f indicators in the social category can be linked to economic impacts, including: 
product leads to reduced employment and need for employee training.
The greatest impact the petroleum industry has is in terms o f the environment because it is 
based on a non-renewable resource. Environmental concern is fundamental in terms o f 
intergenerational equity and ensuring future generations can enjoy the same quality o f life. 
Therefore, a considerable number of indicators were proposed to reflect the environmental 
impact, particularly regarding avoiding the use o f non-renewable resources.
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6.0 Analysis o f the indicators
The indicators are analysed based on ‘unsustainabiHty’ with attention placed on how far they are 
from the ideal. Indicators that demonstrate how much progress has been made from a base 
year that focus on the sustainability o f the business do not provide enough information. It may 
help the company show that improvements are being made but it does not provide a goal to 
work towards. By having indicators based on unsustainabiUty it provides a goal to work 
towards and focuses attention on the obstacles to overcome to reach sustainability. A 
fundamental change in how the industry currently carries out its operations is required for 
sustainability to be achieved. The change wiU rely on accurate and effective measuring o f the 
operations.
The products are assessed based on their Ufe cycle and analysis is done in pairs of simUar use. 
The key stages — the points where the products have different processes — are identified. Those 
areas where they are the same do not necessarily need to be investigated; it is possible they wiU 
produce the same results. The indicators are interpreted on the basis o f a swing-weighting^ 
scheme. The worst and best possible scenarios are identified for each indicator based on each 
product type. The worse the environmental, social or economic impact is for that product, then 
the higher the ranking, based on a scale o f zero to five. This aUows for the quaUtative and 
quantitative data to be assessed within the same framework. N ot aU indicators wiU apply to aU 
product types. For example, biodiversity and reduction wiU apply only to products that 
incorporate renewable plant material. The indicator set has been designed so that an average of 
20 indicators'^ wiU apply to any product.
Once the rankings have been assigned the indicator scores for each stage o f the Ufe cycle are 
added together. The indicators are grouped into environrnental, social and economic, and 
summed for each group. Each sum is then divided by the total score o f unsustainabiUty that 
could have been possible and multipUed by 100 to give the percentage o f unsustainabiUty for 
each product. The final stage involves taking the unsustainabiUty scores and subtracting one 
from the other to give a comparison o f how sustainable one product is.
The sustainability scores are then placed within a final decision table. This highUghts the 
percentage differences between the products for the environmental, social and economic 
impacts at each o f the relevant Ufe cycle stages.
7.0 Conclusion
This paper has outUned the development o f indicators for products in the petroleum industry. 
There has also been consideration o f the importance placed in considering Value’ when deaUng 
with indicators. This issue is two-fold because an indicator must have a Value’ and the indicator 
set must have Value’ in its description o f SD. Indicator sets that do not recognize the 
importance o f value wiU not produce indicators o f resonance. The existence o f philosophical 
considerations in the development o f indicators o f SD means their development cannot be 
approached from a scientific basis. It must be accepted that there is not necessarily a right or 
wrong way to approach the subject. The petroleum industry damages the environment there is
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no way that fact can be escaped. However, modern society is also dependent on it to maintain 
its current quality o f life. This suggests a teleological perspective should be taken because 
environmental impacts are being traded against the social.
Indicators for product assessment had not previously been developed for the Shell Group. To 
date, most attention had been placed on top-level issues with high levels o f aggregation that 
risked missing and manipulating the communication o f important issues. Focusing indicator 
development, where the roles and responsibilities are clear, has helped to communicate the 
importance o f environmental, social and economic concerns to product managers, who had not 
previously considered the sustainability issues in any depth. The process has provided a useful 
learning experience for such key decision-makers.
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<H eading level 1> Abstract
A sustainability matrix has been developed at Shell Global Solutions to show the 
environmental, social and economic impacts o f a product. The approach aims to be quicker and 
more cost-effective than a conventional life cycle assessment (LCA) by focusing on specific areas 
o f concern through the product life cycle, and then comparing products by scaling their impacts 
relative to one another. It provides a way of making qualitative and quantitative assessment that 
gives a depth to the assessment beyond data analysis. The tool includes subjective judgement, 
which tends to reflect current thinking in the company. Once the tool has been fully tested on all 
product types, the indicators that are central to the process wiU be assessed by external 
stakeholders. This article describes the development o f the sustainability assessment tool, 
presents a worked example that compares the sustainability o f a biolubricant (an ‘environmentally 
acceptable’ hydraulic fluid meeting Swedish Standard SS 15 54 34) with that of a conventional 
mineral oil based product. The tool provides a quick decision-making tool to help Shell decide 
which products should be marketed for the business to continue on a sustainable path. The tool 
also provides a more detailed level o f information if a more thorough assessment is necessary.
Keywords: biolubricant, environmental indicators, hydraulic fluid, life-cycle assessment (LCA), 
Shell, sustainabilty assessment
<H eading level 1> Introduction
Central to the practical application o f the ideas o f sustainability is the provision o f goods 
and services not only for those living but also for generations yet to come. These goods and 
services are key to both people’s standard o f living and the health o f the environment. In our 
society, companies play a major role in this task. In undertaking their work, companies are under 
increasing pressure to demonstrate that they are more aware o f the environmental, social and 
economic consequences o f their actions than has traditionally been the case.
The Organisation for Economic Cooperation and Development (OECD 1998) and the 
Biomass Research and Development Technical Advisory Committee (2002) have identified the 
importance o f bio-based materials in the future o f industry. They are seen as having clear 
advantages and being economically competitive in a growing number o f industrial sectors. The 
use o f bio-based materials may enable reduction o f material and energy consumption, pollution 
and waste generation, for the same level o f industrial production. There are potentially significant 
rewards available for companies who understand and implement these reductions by developing
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products and services with lower environmental impact ahead o f their competitors/ A business 
strategy that includes environmental management can provide new product markets and 
opportunities for new relationships between customers and suppliers that can be a source of 
competitive advantage.
Life cycle assessment (LCA) is a tool that can be used for assessing products for their 
environmental impact from ‘cradle-to-grave’. However, LCA is often cumbersome, expensive to 
perform and designed to measure primarily resource use and environmental impact with no 
allowance for qualitative analysis.
The sustainability assessment tool that has been developed, and is described in this article, 
uses a streamlined LCA approach but includes social and economic impacts in the assessment 
process.
<H eading level 1> Indicators o f Sustainable Development (SD)
Indicators are a key tool for encouraging progress towards sustainable development (SD). 
To be effective they must communicate useful information that enable situations to be 
understood and decisions made (MacGiUivray and Zadek 1998).
T^.ndicators are signs or signals of complex events and systems. They are bits of information pointing to 
characteristics of systems or highlighting what is happening” Hardi and colleagues (1997, 8)
Sustainable development (SD) is difficult to define. It is similar to concepts such as 
justice, style, poverty and democracy; it means different things to different people. An indicator is 
simply a measure to make understandable something that is considered important (Warburton 
1998). Just as different members o f society will conceive o f SD differently, the values that 
underpin the selection and evaluation o f indicators will also differ between individuals. Because 
SD is based on values within society, it cannot be described using purely objective scientific 
theory and it must be recognized that there is not necessarily an end-point or a right-or-wrong 
way to approach sustainability. However, any set o f SD indicators must cover the environmental, 
social and economic impacts o f a process or product and consider inter- and intragenerational 
equity. A great deal o f work is available on development o f indicators, particularly by Meadows 
(1998), Fiksel and coUeauges, 1998, Azapagic and Perdan (2000). This article goes beyond 
development to explore effective application for strategic product evaluation.
<H eading level 1> Sustainability Assessm ent
The sustainability assessment tool is not designed to replace the life cycle assessment 
(LCA) process. LCA was developed to study the resource use and environmental impacts o f a 
product — the sustainability tool has been developed to show the environmental, social and 
economic impacts o f a product. It does this by focusing on the key impacts a product has from a 
life cycle perspective and compares products by scaling their impacts relative to one another. A 
comparison allows quantitative and qualitative data to be interpreted within one method of 
analysis. The sustainability tool aims to be quicker by focusing on specific areas o f concern 
through the product life cycle and so it provides a more cost-effective, systems-based and 
pragmatic product assessment.
The format o f the tool is a semi-quantitative matrix. The inclusion o f qualitative and 
quantitative information allows for a wealth o f data to be included in the analysis. The use of 
swing weighting — or scaling — allows interpretation o f the data without conversion into one type
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of measure, such as functional units based on number o f working hours or COg equivalents. 
Instead, many functional units can be used that are specific to each indicator. The drawback is 
that the process involves a value judgment that links the impacts o f the two products and heavily 
influences the outcome o f the comparison.
Assessment begins by establishing the objective o f the assessment and listing the 
assumptions applied in analyzing the products. The life cycle is then developed and key stages — 
the points where the products have different processes — are identified. The areas where scaling is 
not appropriate are identified (these wiU be shown as grey boxes in the sustainabiUty matrix).
Some indicators are not analyzed because they do not apply to a particular product type.
<H eading level 1> Development of Indicators
The process o f indicator development began by estabUshing what SD meant in terms of 
SheU’s organization and products. The company’s business practices are underpinned by seven 
SD principles that guide decision-making. None are new to the way SheU operates, but taken 
together they help demonstrate where SheU tries to achieve a balance between short and long­
term goals. The principles are: generating robust profitabiUty; deUvering value to customers; 
protecting the environment; managing resources; respecting and safeguarding people; benefiting 
communities; and working with stakeholders (SheU 2003). These principles were the basis for 
development o f indicators that were chosen to reflect how SheU’s products contribute to 
achieving these corporate goals.
The sustainabiUty indicators were developed during an empirical study that involved an 
analysis o f SheU’s Swedish lubricants product portfoUo. Focus was placed on Sweden because it 
was seen as having the most stringent laws regarding sustainabiUty issues (Lindgren 2002). A 
cross-section o f product types was investigated: including food grade lubricants, metalworking 
fluids and hydrauUc fluids. This ensured that the indicators were developed to reflect the 
environmental, social and economic effect o f aU product types. An initial Ust of nine indicators 
was compUed to reflect the statements regarding the meaning behind SD for the company and the 
products.
The key to product indicator development was to ensure that the indicators were 
presented in a clear format that was as simple as possible. The indicators were designed to be 
used internaUy and externaUy in a number o f countries and were grouped into environmental, 
social and economic concerns. The initial indicators developed are highUghted in bold in the fuU 
set o f indicators (see Ust below). It was important to focus attention on individual concerns in 
addition to the corporate principles and so the initial indicators were taken to the SheU OU 
Product’s global and product managers for their comments and feedback regarding how 
acceptable the initial nine indicators were. It was not possible — at this early stage — to discuss the 
indicators with aU interested stakeholders. Therefore, the global and product managers were 
approached as the principal users o f the tool, and because they hold a close relationship to SheU 
customers (a major stakeholder group). The intention is to test the indicators with wider external 
stakeholder groups when the process has been tested on aU product types offered by SheU. The 
global and product managers were seen as providing the most valuable insight regarding the right 
indicators to include. This led to a number o f additional indicators being identified that help the 
managers in decision-making regarding the future o f their products. The final indicators chosen 
were:
Environmental:
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Energy use 
CO2 emissions 
Other emissions to air 
Impact on water supplies 
Environmental fate and effects 
Use o f non-renewable materials 
Recyclability
Amount o f waste to landfill /  special waste 
Biodiversity reduction
Social:
Perceived risk 
Effect on public health 
Effect on employment 
Likelihood of employee injury 
Restriction on product availability
Impacts o f changed usage behavior due to characteristics of product 
Need for employee training 
Meets legislative requirements 
Product benefit: convenience
Economic:
Cost o f labor 
Cost o f material inputs
Likelihood and impact o f stakeholder intervention 
Profit from the product 
Price o f the product 
Likelihood of reduced performance 
By-product utility
Interestingly, the economic indicators are fewest; this reflects the fact that to a certain 
extent the economic operation o f petroleum products is assured. Therefore, on an individual 
product basis, few economic indicators were selected because if a product were not financially 
viable it would not be marketed. There was also a desire to move away from the focus on 
economic analysis o f products and look toward socio-economic impacts o f employment and 
training. A number o f indicators in the social category can be linked to economic impacts, 
including: reduced employment as a result the introduction o f the product and the need for 
employee training. The greatest impact o f the petroleum industry arises in the environment arena 
because the industry is based on a non-renewable resource, raising concerns about 
intergenerational equity. Therefore, a considerable number o f indicators were proposed to reflect 
environmental impact, particularly regarding avoiding the use o f non-renewable resources.
A series o f questions were developed to accompany each indicator to help in the data 
gathering process. The environmental indicators were selected to demonstrate how the existence 
and use of a product could impact the surrounding natural resources. The questions for the 
indicator relating to environmental fate and effects include focus on the type and amounts o f 
additives, base and used oil that is required or produced, and toxicity. Biodiversity reduction and
247
Volume III
A  sustainability assessment of a biolubricant: Journal of Industrial Ecology
by-product^ utility indicators only apply to a comparison for the introduction of a plant-based 
product and relate to the raw materials’ life cycle stage.
The social category includes indicators that depict the effect o f the product on 
stakeholders. A stakeholder is defined here as an individual who can affect or be affected by the 
use o f a product. The social indicator o f perceived risk focuses on public perceptions. This is 
taken to be influenced by how the product is marketed, the company image and publicized 
accidents. “Impacts o f changed usage behavior due to characteristics o f the product” reflects 
whether the more ‘environmentally acceptable’ products are used more liberally because users are 
aware they are not as damaging to the environment as traditional products. The indicator related 
to restriction on product availability is another example o f an indicator being relevant for certain 
product types. It focuses on products that are not readily available in the market place due to 
legislation or limited introduction - less available products are less sustainable from a business 
perspective.
O n the list o f economic indicators the cost o f labor is included to reflect both the number 
and quality o f the labor force employed. Some products may require better-trained or qualified 
chemists and engineers at certain points within the life cycle. The indicator related to likelihood 
of reduced performance brings into the assessment aspects of performance loss that can occur, 
for example, when some bio-based materials are used as base fluids in lieu o f mineral oils. The 
effect o f stakeholder intervention on business focuses on identifying the impact to the business as 
a whole if there is an incident involving the public perception o f one product. For example, a 
major incident involving petroleum would have a significant impact on the business; an incident 
involving an ‘environmentally acceptable’ product would be less. The more likely a stakeholder 
intervention is, such as product boycotting, the less sustainable the product.
<H eading level 1> Scaling o f the Indicators
The aim o f the tool is to compare products relative to one another on a sustainability 
scale. The scale is demonstrated in Table 1 and is based on a score from 0 to 5, from more to less 
sustainable. Indicators reflecting unsustainability provide a goal to work towards and help focus 
attention on the obstacles that need to be overcome to reach sustainability. The worse the 
environmental, social or economic impact, the higher the indicator impact scores.
Table 1 : Scaling of the sustainability assessment matrix
Scoring 0 1 2 3 4 5
Impact Negligible Low Low/medium Medium Medium/high High N ot
applicable
More sustainable Less sustainable
To scale an indicator it is necessary to consider the best and worst possible cases for that 
particular impact, product type and life cycle stage. For instance, considering the scaling for the 
“use o f the non-renewable materials” indicator: a conventional mineral oil based hydraulic fluid is 
given a score of 5 because the base fluid (the bulk o f the product) is produced from non­
renewable feedstock. It presents the worst-case scenario; the best would be a fluid that could be 
produced from 100% renewable materials. Although this may not be possible using today’s 
technology, 100% renewable feedstock may be realized in the future and so should be considered 
in setting the score. In contrast to the mineral oil-based oil, the ‘environmentally acceptable’ 
hydraulic fluid is given a score o f 2 because it is based on synthetic esters that contain about 50%
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renewable material (vegetable fatty acids). The final sustainability assessment report for the two 
products would contain these scores as well as quantitative or qualitative data. The maximum 
level o f quantitative data is presented wherever possible.
After indicators are assigned scores, the scores are summed within each indicator category 
(i.e., environmental, social and economic). These sums are then converted to a percentage o f the 
least sustainable case possible (if the product had scored 5 - most unsustainable - for every 
indicator). This “percentage o f total unsustainability” is the unsustainability score for each o f the 
categories. The two products are compared by calculating the difference between the 
unsustainability scores. The differences are called the ‘sustainabiUty scores’. The calculation 
process is explained most clearly through an example.
<H eading level 1> Product Comparison: Mineral Od Based Hydraulic Fluid Vs. 
‘Environmentally Acceptable’ Hydraulic Fluid
Hydraulic power is used in applications such as manufacturing, mobile construction 
equipment, tunneling, transport and mining. It enables heavy loads to be moved with power and 
precision. Hydraulic fluids are lubricants that transmit fluid power and protect the system’s 
components from corrosion and wear. After automotive lubricants, hydraulic fluids are the next 
most widely used group of lubricants and account for about 11% of the total worldwide lubricant 
consumption o f about 37 million metric ton per year (Mang 2001). HydrauBcally-operated 
machines often operate in environmentally sensitive areas such as forests, inland and coastal 
waters, and water catchment areas. As these systems operate under high pressures with high flow 
rates (e.g., 200 bar^ pressure and 375 liters (1)'^  per minute flow) damage to exposed hoses and 
cylinders or leaks can release large amounts o f hydraulic fluid into the environment. As a result, 
many manufacturers have developed hydraulic fluids that will have a reduced environmental 
impact in the event o f a spiU, and standards and specifications have been developed to define 
such a fluid. These products are called ‘biodegradable’ or — more accurately — ‘environmentally 
acceptable’ hydraulic fluids. Such products are characterized by having high biodegradabiHty, a 
low environmental toxicity (‘ecotoxicity’) and typically contain a high proportion o f renewable raw 
materials. The generic term for this product group is ‘biolubricants’ and about 40,000 metric 
ton/year are sold in the European Union and approximately the same amount in the USA.
The majority o f hydraulic fluids currently in use are a petroleum-derived mineral oil base 
fluid augmented with a variety o f performance-enhancing additives. The typical composition o f a 
standard mineral oil hydraulic fluid is shown in figure 1, together with a summary o f each 
additive’s function. It can be seen that the main component is the base fluid. O f the additives, the 
largest fraction is usually the anti-wear agent, which provides protection to the metal surfaces 
during moving contact. The most widely used anti-wear additives are based on zinc 
dialkyldithiophosphates. ‘Environmentally acceptable’ hydraulic fluids differ from the type o f 
product shown in figure 1 in three main ways:
• The base fluid is not mineral oil but biodegradable synthetic esters and /or vegetable oils 
which normally contain a significant proportion (50-100% w/w) o f renewable raw 
materials
• The formulated fluid requires a higher proportion o f additives (2-5% w/w) to achieve the 
required performance
• The additives have a low ecotoxicity and do not contain heavy metals such as zinc (so- 
called ‘ashless’ additives).
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The higher cost of both the base fluid(s) and ‘ashless’ additives mean that 
‘environmentally acceptable’ hydraulic fluids are usually more expensive than conventional 
mineral oil based fluids.
Typical antiwear hydraulic fluid based on 
mineral oil
99%
□ Base fluid 
O Additives
1%
Additives (split by function)
□ Anti-vwear
□ Corrosion inhibitor 
S Antioxidant
□ Pour point depressant 
H Copper passivetor
□ Others (antifoam, etc)
Additive functions: Anti-wear - additive which forms a protective layer on metal surfaces 
to reduce friction and wear, particularly in heavily loaded contacts where the lubricating oil film is 
interrupted by the surface asperities of the metal-to-metal contact; Corrosion inhibitor -  protects 
metal surfaces from attack by water and other contaminants (e.g. antirust additive); Antioxidant — 
additive(s) which extend base fluid Ufe by reducing its rate of oxidation; Vourpoint depressant — 
lowers the temperature at which the fluid will flow (important in cold-starting); Copperpassivator — 
additive which protects copper surfaces and prevents the solubilization of copper ions (these 
would catalyze the oxidation of the base fluid); Other additives — for example, an antifoam additive 
which minimizes foaming (excessive foaming reduces the efficiency o f the hydraulic system and 
can cause pump damage through cavitation). A more detailed description of additive function and 
chemistn' can be found in the work of Mang (2001).
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In this study, the sustainability o f two hydraulic fluids were compared: a conventional 
mineral oil-based product and an ‘environmentally acceptable’ fluid which met the stringent 
Swedish Standard 15 54 34 requirements for biodegradabiHty and low ecotoxicity (Anon, 2003). 
Both products are ISO viscosity grade 46, antiwear hydrauHc fluids that are marketed worldwide. 
The aim was to assess whether the ‘environmentally acceptable’ fluid was more or less consistent 
with the concept o f sustainabiUty.
InitiaUy data were collected on:
Composition;
Type o f additives (and amounts used);
Ecotoxicological properties (e.g. biodegradabiHty, aquatic toxicity);
Performance data, service Hfe;
Disposal methods;
By-products from processes;
Level o f emissions (during manufacture and use).
In addition, a Hfe cycle flow diagram for each fluid was produced. This showed that in 
many instances differences between the products in various stages o f the Hfe cycle were negHgible. 
For example: transportation o f raw materials and finished product, storage and hydrauHc system 
production were aU similar. Therefore, these stages were not included in the sustainabiUty 
comparison and this helped to streamUne the process. The purpose o f the matrix is to highUght 
to decision-makers the Hfe cycle stages where the worst impacts occur to show where attempts 
should be made to reduce them. Product and technical managers for the products were involved 
throughout the process to ensure aU relevant Hfe cycle stages and key impacts were included.
For a hydrauHc fluid the Hfe cycle stages o f raw materials, production and use were seen as 
being distinct for the two products. The boundary conditions in this study were that:
1. The same volume of each hydrauHc fluid was manufactured.
2. The methods involved in manufacturing each additive were assumed to be the same. In 
other words, the main difference in additive use between the two fluids would be in the 
different additive ‘treat rates’ -  the total amount o f additive added to each base fluid.
3. The impact o f packaging was excluded from this study.
4. A spiUage occurs during the use phase o f both products. Although this occurrence should 
be minimized through careful handHng and by foUowing the original equipment 
manufacturer’s (OEM) and fluid suppHer recommendations, it was important to consider 
the worst-case scenario.
5. The level o f performance was not taken into account because field experience has shown 
that differences in service Hfe and performance between the two fluids are negHgible if the 
OEM  and lubricant suppHer’s recommendations are foUowed.
6. However, differences in performance level and service Hfe would need to be included if an 
assessment was done on a hydrauHc fluid whose base fluid was, for example, made up 
solely o f vegetable oil that had a lower oxidative and thermal stabiHty.
Using the approach discussed previously, a sustainabiHty matrix for the two hydrauHc 
fluids was calculated and is shown in Table 2.
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Table 2: Sustainability assessment of a mineral oil-based vs. an environmentally acceptable hydraulic fluid
Product category Hydraulic fluid
Ï. Product 1 Mineral oil hydraulic fluid
2. Product 2 Environmentally acceptable hydraulic fluid
Life cvcle staaes
Indicator Raw materials Production Use (and retail)
Product 1 Product 2 Product 1 Product 2 Product 1 Product 2
Energy use 5 4 5 3 2 1
CO2 emissions 5 3 5 4 4 4
Other emissions to air 5 3 4 4 4 4
Impact on water supplies 3 4 3 3 5 3
Environmental fate and effect 3 2 4 3 4 1
1 Use of non-renewable materials 5 2<D
E Recyclability 5 5 5 5 5 5c2 Amount of waste to landfill/special
■> wastec
lU Biodiversity reduction * 3 4 4 2
By-product utility * 3 2 3 2 3 2
Environmental indicators summed 37 29 29 24 31 22
% of total unsustainability 82 64 83 69 78 55
Difference in percentage - 18 14 23
SUSTAINABILITY MEASURE
Perceived risk 4 3 3 3 4 2
Effect on public health 4 3 3 3 4 1
Effect on employment 1 0
Likelihood of employee injury 3 2 3 3 3 3
Restriction on product availability ** 4 2 3 3 3 4
Impacts of changed usage
75 behaviour due to characteristics of
■R product **
tn Need for employee training 3 3 3 3 3 4
Meets legislative requirements
Product benefit: convenience
Social indicators summed 19 13 15 15 17 14
% of total unsustainability 63 43 60 60 68 56
Difference in percentage - 20 ( 12
SUSTAINABILITY MEASURE
Cost of labor 5 3 3 3
Cost of material inputs 2 4 3 3 2 1
Effect of stakeholder intervention 4 2 3 3 3 2
O Profit from the product (per 1000 3 2
E liters sold)oc Price of the product 1 5
Likelihood of reduced performance 2 3
Economic indicators summed 11 9 9 9 11 13
% of totai unsustainability 73 60 60 60 44 52
Difference in percentage - 13 C -8
SUSTAINABILITY MEASURE
Bio-based vs mineral based only 
= Indicator relevant to other products
= Indicator is not 
suitable for this stage 
of the life cycle
The indicator scoring was done through a mixture o f quantitative and qualitative 
interpretation. A great deal o f external data was used to provide an initial measure and the data 
was checked against in-house data and calculations. The following paragraphs provide an 
overview of how the scaling was done for selected indicators. In the interest o f brevity, only the 
most interesting indicator interpretations have been included.
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Environmental Indicators <heading level 2>
The energy consumption per functional unit during the production o f a mineral oil-based 
fluid (45,000 MJ) is greater than that for a synthetic ester (22,000 MJ) (Vag et al. 2002). Based on 
these data, the energy use indicator for the oil-based fluid was scaled as 5 and taken as the highest 
point o f the energy use scale. The synthetic ester was scored as 4 because it used less energy for 
its production. The best-case scenario for this indicator would be a fluid made entirely from 
renewable plant-derived inputs; producing a fluid with no energy input is not possible. The COg 
emissions when extracting petroleum are considerable; in contrast 100% bio-based oils are 
assumed to be CO2 neutral. In this case the oil-based fluid received the value of 5 whilst the 
synthetic was placed at 3 because it still contains a percentage o f petroleum-derived material. In 
terms o f impact on water supplies, the biodegradable fluid will deplete oxygen levels within a water 
body if spilt as it biodegrades rapidly (McManus et al. 1999). It is assumed for this analysis that 
spillage occurs during the use phase o f both fluids. However, it is also important to consider that 
the oil-based fluid wiU be present for a longer period, contains less environmentally benign 
additives and may require a more involved clean-up process. For this reason the oil-based fluid is 
subjectively placed as 5 whilst the synthetic scored 3.
Social Indicators < heading level 2>
In terms o f the social indicators, the level o f risk perceived by society associated with the 
extraction o f oil is high due to well-publicized incidents involving onshore and offshore oil 
drilling platforms^. The crops used to produce the synthetic lubricant also have a level of 
perceived risk associated with them. This is because o f issues such as genetic modification that 
are characterized by large uncertainty and societal concern. The perceived risk o f oil extraction 
was assessed as being highest at 4. The synthetic lubricant was scored slighdy less at 3 because it 
requires significant amounts o f land and introduction o f crops to provide part o f the material for 
the base fluid of the environmentally-acceptable hydraulic fluid.
In 1999, the likelihood of employee injury and illness in the oil and gas industry was 3.5 per 100 
full-time workers. Agricultural services had a rate o f 7.1 per 100 full-time workers (US 
Department o f Labor, 2002). The — relatively — safe levels of working practices in the oil 
extraction stage means it was scaled as 3. The injuries and illnesses associated with the synthetic 
fluid with its crop-based material were scored as 2. This is because although the rate o f accidents 
is higher, the types o f injury were less severe with reduced chance o f fatal or permanent injury^.
The social indicators have the most significant amount o f qualitative data used in their 
assessment. The two examples in this article present how both qualitative and quantitative data 
have been used in the assessment process.
Economic Indicators <heading level 2>
As a general rule, the market price for hydraulic fluids tends to reflect the different base 
fluid costs. Vegetable oil-based fluids are about twice the cost o f mineral oil fluids, with synthetic 
ester fluids ranging from four- to eight-times depending on the quality o f the ester and associated 
fluid performance. The synthetic ester-based ‘environmentally acceptable’ hydraulic fluid is scaled 
as 5 for price of product vriA st the mineral oil is placed as 1 (the vegetable based would be placed at 
3). It is likely that the difference between the scalings for the products will reduce and change 
dramatically as reserves and acceptability o f use of oil diminish. The price o f product indicator 
does not reflect some non-market costs and so may not reflect the full social costs o f a product.
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The effect o f stakeholder intervention on the business relates to the damage that can be imposed 
on a business from falling sales and harm to brand and corporate reputation. An incident during 
the extraction of raw materials for an oil-based product is likely to be significant because it is 
currently the mainstay of Shell’s business. The worst-case scenario would be if an incident led to 
people refusing to buy any products from the company. There is the possibility that this could 
occur but its likelihood is uncertain, it has been given a 4 because it presents a significant — but 
not definite — threat. An incident involving the plant-derived inputs wiU likely have significantly 
less impact on the business. The value of 2 has been given for the synthetic fluid because the 
chance o f an incident (for example, involving the product or a contentious issue such as the use 
of material from a genetically modified organism -  GMO) could have a negative impact on the 
business. The best case scenario for this indicator would be a product with very low risks, for 
instance 100% plant-derived with high safety and environmental standards in agriculture.
< H ead in g  level 1> Final Analysis o f  the Sustainability A ssessm ent Matrix
The sustainability scores are placed within a final decision table to provide an ‘at-a-glance’ 
overview of comparative sustainabilit}\ Table 3 illustrates the comparison between the 
sustainability of the ‘environmentally acceptable’ hydraulic fluid with that of a conventional 
mineral oil-based product. The table uses the sustainabiHt}^ measures given in Table 4 that were 
calculated by subtracting the impacts of the ‘environmentally acceptable’ hydraulic fluid from 
those of the mineral oil-based fluid. For example, the ‘environmentally acceptable’ fluid can be 
seen as being 18% more sustainable than the mineral oil-based in terms o f the environmental 
impact of the raw materials. However, it is 8% less sustainable than the mineral oil-based fluid in 
economic terms during the use phase.
I 'able 3: Decision table fo r  the environmentally acceptable hydraulic flu id
H ydraulic fluid Life cycle stage
Raw materials Production Use (and retail)
Environmental 18% 14% 23%
Social 20% 0% . :  . ' 12%
Economic 13% 0% ' ' .
Up to 20%
Up to 10%
0%
Down to -10%
The decision table is designed to present information in a format that will allow decision­
makers to make a quick, initial judgement. Time is often limited and people making decisions 
need to have a simple interpretation that allows for more detailed investigation if necessary. 
Shading o f the boxes is designed to help focus attention on the areas o f concern . The tool is 
developed for use by the product and technical managers, and the marketing department.
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It can be seen from Table 3 that the ‘environmentally acceptable’ hydraulic fluid falls 
mostly within the ‘up to 20%’ bracket (above 10%). It scores higher than the mineral oil-based 
fluid in most categories, including the (expected) lower environmental impacts throughout the life 
cycle. There is no difference between the products in the social and economic impacts o f the 
production phase (0%). This is due to the two lubricants requiring very similar production 
processes. The ‘environmentally acceptable’ fluid is worse than the mineral oil-based fluid in 
terms o f economic impacts at the use phase (-8%) because it is more expensive.
By using shading and including percentages. Table 5 provides a useful tool for making 
decisions. However, the sustainability matrix augmented by calculations as well as other 
qualitative and quantitative information can also be used to provide a greater depth of 
information if necessary.
A number o f LCA studies have been conducted on ‘environmentally acceptable’ hydraulic 
fluids (Vag et al. 2002; Wightman et al. 1999). Those completed have not provided conclusive 
evidence regarding which product is preferable. On balance they have found that the 
‘environmentally acceptable’ fluid has the lowest environmental effect with regard to both global 
warming and acidification potential. These LCA studies have tended to focus on the global 
impacts o f the fluids. However, the impact on the local environment also needs to be considered 
because this is the area where the most significant environmental benefits are likely to occur. The 
lack o f conclusive evidence regarding the outcome of the LCA suggests that a more detailed 
analysis would be useful. The sustainability assessment tool (Table 2) is designed to answer this 
need by offering a method o f including qualitative and quantitative assessment o f the 
environmental, social and economic issues that are so important to business decisions now, and 
are likely to be more so in the future.
<H eading level 1> Discussion of the Sustainability Assessm ent Tool
This assessment o f biolubricants includes a mix o f global, local, qualitative, quantitative, 
environmental, social and economic impacts. It encompasses a wide range o f data categories, but 
the use o f indicator scaling and a streamlined approach allows reduced time and resource use 
compared to more narrow and detailed studies such as LCAs. Seeking input from the global and 
product managers helps ensure the tool is designed to meet their needs. By basing indicator 
selection on a defined concept o f a sustainable product, it provides a focus to their development. 
The methodology serves as a useful means to use both quantitative and qualitative data 
effectively. The tool wiU be tested on a greater range o f product types, and also assessed by 
external stakeholders. It wiU then be used extensively in SheU to make decisions concerning 
which products to continue to market, or begin marketing, and which to drop from the product 
portfolio to maintain a sustainable approach to business.
In this application, the ‘environmentally acceptable’ hydraulic fluid provides a real benefit 
in terms of environmental impact. This is largely due to the benefits the fluid presents at a local 
scale. In sensitive environments the local ecological advantage means the ‘environmentally 
acceptable’ fluid is preferable. The environmental savings at a global scale are less distinct — this 
was also found in full LCAs carried out by other research organizations.
The social benefits o f the ‘environmentally acceptable’ fluid are favorable for the raw 
materials and use phase, although not significantly. The social indicators have included the most 
qualitative data and so are the most susceptible to subjectivity. They are also most likely to 
change over time and depending on the individuals involved.
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The influence o f stakeholders on this assessment should not be under-estimated. N ot aU 
of the indicators are o f equal importance to all. For instance, it is assumed that customers are 
most interested in cost, performance and convenience; whilst the public would be most 
concerned about effects on society’s health, impact on water and waste to landflU. This aspect of 
the tool win be re-visited (as mentioned previously) when it has been tested on aU product types.
In addition, the importance o f sustainability to a stakeholder will depend on the 
individual, although some generalizations can be made about the different levels o f environmental 
concern in different countries. Scandinavian countries for instance, have a history o f stricter 
environmental legislation and generally greater public concern. Age, sex, occupation and many 
other characteristics will affect how people perceive the different products and this will impact on 
the scores given on environmental, social and economic indicators. This is why it is so important 
to include all qualitative and quantitative data— to ensure a maximum level o f information is used 
to justify the scalings. This is also the reason why the indicators wiU need re-visiting and perhaps 
revision over time as people’s attitudes and understanding change. This will become more 
obvious once the tool has been presented for external stakeholder review.
The economic indicators on the use phase of the product are the main area where the 
‘environmentally acceptable’ fluid is inferior to the traditional fluid. This is due mainly to the 
price o f the product. Some bio-based fuels and lubricants have a higher price and the 
performance o f the product may be inferior. The key concern in using sustainability to add to the 
attractiveness o f a product is establishing the level that customers will accept a less attractive cost- 
performance relationship in return for sustainability benefits. The ‘environmentally acceptable’ 
fluid would appear even less economically sustainable if issues such as research and development 
investment and lower volume sold had been included in the scaling.
Product price is a major concern at present for the consumer when dealing with bio-based 
products because they must be marketed at a higher price. However, it has been suggested that 
the current market is operating inefflciendy because the environmental and social impacts of 
products are not fuUy reflected in product prices, but this topic is beyond the scope o f this article. 
In an attempt to stimulate national markets, initiatives have been introduced to provide financial 
assistance for users o f biolubricants in the Netherlands (‘VAMIL’ scheme -  tax break (VAMIL, 
2003)) and Germany (‘Market Introduction’ program — reimbursement o f changeover cost from 
mineral oil lubricants to biolubricants (Theissen, 2003)). However, the relatively modest growth in 
market share for biolubricants over recent years indicates that more help is needed if market 
penetration o f these products is to succeed. Elsewhere, the drivers are environmental concerns 
from end-users’ customers (e.g., the Swedish forestry industry driven by timber customers in 
Germany (Torback and colleagues, 2002)) or the mandatory procurement o f bio-based products 
by government agencies (for example, USA 2002 Farm Bill).
<H eading level 1> Conclusions
The sustainability assessment tool has provided a useful means for Shell to incorporate 
environmental, social and economic concerns into its decision-making process. It highlights that 
it is possible for companies to begin thinking o f their products from quantitative and qualitative 
perspectives and provides a meaningful measure o f SD. The tool has two levels, a quick decision­
making visual aid to suit the fast pace required by today’s managers and the more detailed level to 
allow for more consideration if necessary. The use o f effective indicators is central to the tool—  
providing flexibility and easing the process o f monitoring o f whether an earlier decision stiU
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applies. Fundamental to indicator development is an understanding o f the trade-offs in satisfying 
conflicting objectives between business and society. Firms are under increasing pressure to 
evaluate the environmental, social and economic impacts o f their operations, and have limited 
resources to do so. The sustainabiUty matrix method is a useful and flexible way for firms to meet 
their obligation to pursue sustainable business practices.
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Notes < heading level 1>
1. A by-product is taken as an element o f the original raw materials that are not used in the 
final product.
2. This is based on personal opinion considering the nature o f the work and the type o f 
chemicals that wUl be contacted within the agricultural and petroleum industry. 
Unfortunately, it is very difficult to get comparable data on the two industries.
3. When the tool is used colors are used instead o f the shading system. The colors are also 
on a larger scale from —100 to 100%.
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Figure Captions
Table 1: ScaUng of the sustainabiUty assessment matrix
Table 2: SustainabiUty assessment o f a mineral oil-based vs. an environmentaUy acceptable 
hydrauUc fluid
Table 3: Decision table for the environmentaUy acceptable hydrauUc fluid
Figure 1 : Typical composition o f a standard mineral oil based hydrauUc fluid (BFPA 2003)
 ^Editor’s note: For a discussion o f industrial ecology and firm level competitiveness in the Journal 
of Industrial Ecology, see the article by Esty and Porter (1998).
 ^A by-product refers to an element o f the original raw materials that are not used in the final 
product.
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 ^ 1 bar « 466.6 pounds/inch^.
1 liter ~ 1.056 quarts.
 ^For more detailed consideration o f risk perception see Loftedt, R. and Frewer, L. (1998) Risk and 
modem society by Earthscan Publications Limited, London
 ^This is based on personal opinion considering the nature o f the work and the type o f chemicals 
to which workers are exposed within the agricultural and petroleum industry. Unfortunately, it is 
very difficult to get comparable data on the two industries.
’ When the tool is used colors are used instead o f the shading system. The colors also depict a 
larger scale from —100 to 100%.
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